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SURGICAL TREATMENT OF ANGINA’ PECTORIS 
kKEPORT OF EIGHT ADDITIONAL CASES AND REVIEW OF LITERATURE 


PHILIP KING BROWN, M.D. 
AND 
WALTER B. COFFEY, M.D. 


SAN FRANCISCO 


When we undertook to relieve angina by following the suggestion of 
'ranck as carried out first by Jonnesco,’ we were fully conscious that 
ill that had been accomplished by Jonnesco’s first operation was to 
relieve the substernal anginal pain and the associated referred pains in 
his patient, by a removal of the left cervical sympathetic system and the 
upper thoracic ganglion. The functions of much of the removed parts 
were the subject of some important differences of opinion, and certainly 
many tracts transmitting a variety of impulses were severed in 
Jonnesco’s operation. It seemed to us wise, therefore, to simplify if 
possible this complex situation by beginning at one end of the tract and 
severing as few connections as possible, continuing to interrupt paths 
between heart and brain and cord until we found just what brought 
the relief. 

ur first four patients * were operated on by severing merely the 
main left sympathetic trunk below the superior ganglion, and the 
superior cardiac branch. In the fifth patient the ganglion was removed, 
hecause the superior cardiac trunk arose in part from that by at least 
one and we thought possibly by several roots. Besides this, the fourth 
patient had had pain recur in the left forearm, although the substernal 
pain had been relieved. That other branches through vagus connections 
might be of influence in relaying sensation seemed possible, and the 
consequences of a removal of the ganglion seemed insignificant as com- 
pared to the incomplete relief of pain. Since that time, the superior 





1. Jonnesco, T.: Angine de poitrine, guerie par la resection du sympathique 
cervico-thoracique, Bull. de l’Acad. de méd., Paris 84:93 (Oct. 5) 1920; Le 
traitement chirurgical de l’angine de poitrine, ibid. 86:67 (July 19) 1921; Traite- 
ment chirurgical de l’angine de poitrine par la resection du sympathique- 
cervico-thoracique, Presse méd. 20:193 (March 9) 1921; La resection du sym- 
pathique cervico-thoracique; technique operatoire, Presse méd. 30:353 (April 
26) 1922. 

2. Coffey, W. B., and Brown, P. K.: The Surgical Treatment of Angina 
Pectoris, Arch. Int. Med. 31:200-220 (Feb.) 1923. 
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ganglion has always been removed. One patient (Case 3) of the first 
group has been operated on a second time, after the failure of section 
of the main trunk and superior cardiac branch to relieve permanently the 
pain referred to the region of the heart apex and left arm, and the occur- 
rence of new pain in the back behind the heart in the vicinity of the 
angle of the left scapula. That case is not counted in the new group. 
although it will be discussed as Case 9 in the light of the further relief oi 
the patient’s pain after the second operation, in which the superior gan 
glion was removed after merely the severance of its main trunk and the 
superior cardiac connections in the first operation. Case 8 ® was reported 
in full and it contributes one more fact to the slowly accumulating data 
regarding angina, and heart and aorta innervation. In that case the 
pains were substernal but the radiations were dextral and a right-side: 
operation, in which the superior ganglion was removed, caused complete 
relief from attacks. 

Of this group of additional cases, one (Case 1) patient died a cardia 
death within a few hours of the operation and another patient (Case 5 
in two weeks, also of heart failure. Both had low blood pressure, larg: 
flabby hearts and negative T waves in Lead I. The pains in both were 
substernal, but also in the apex region as well as down the left arm 
In Case 1 the death of the patient was unexpected and hard to explain 
In Case 5 the death of the patient was not unexpected. He had con 
sumed alcohol and opiates to excess for years, was extremely obese, 
and had a chronic cough and an extreme dyspnea at the time of opera 
tion. The attacks were so numerous and severe that he was in pain day 
and night, and the operation was recognized as a desperate chance. 

The other operations were brilliant successes, so far as relief of the 
agonizing substernal pain of angina goes. The patients were all restored 
to comfort and some degree of usefulness, depending on the underlying 
heart condition. One patient still has severe pain for a second or two 
in the angle of the left jaw when he begins to chew food, and he and 
one other have had pain in the posterior part of the left apical region 
above the center of the scapula. There is not only pain on pressure 
but pain when the shoulder is raised from extension of the left arm at 
right angles to the body. These pains in jaw and left shoulder have 
occurred, to some degree, after six of the fourteen operations done 
(on thirteen patients) and have been of minor consequence, disappearing 
in a few weeks in all but two patients. The jaw pain seems to be due 
to pressure from retraction on the anterior auricular nerve, and the left 
posterior shoulder region pain must be due to injury of some connection 
of the nerve and ganglion. 


3. Brown, P. K.: Cervical Sympathectomy for Angina Pectoris: Report of 
a Case with Dextral Radiations of Pain, J. A. M. A. 80: 1692-1693 (June 9) 1923. 
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Two patients (Cases 6 and 9) have had pain in the region of the 
art apex, and in the region of the angle of the left scapula and down 
e left arm. 

\Whether we have gone too far in removing the superior ganglion was 
id is still a matter of some doubt. Important light on the subject is to 

looked for in one patient, in whom pain returned after one 
d one-half years, and whose pain was apparently relieved by 
moval of the superior ganglion which was not removed at the first 
eration (details given in Case 9). If the patient continues free from 
in under present conditions, there must be connections between heart 
d spinal cord that were interrupted by this procedure. Should the 
\in return again in the region of the heart apex and in the arm, it is 
ill possible to do one of two things, remove the two lower ganglions 
the sympathetic chain and the upper thoracic or cut the sensory roots i 
the spinal canal. 

It must not be forgotten that complete relief of the main and severest 
in, and to our minds the most serious symptom of angina, came from 
© operation of cutting only the main sympathetic trunk and the supe- 
r cardiac nerve on the left side. In the light of this, one fact stands 
t clearly, that the substernal pain is a spasm of the first part of the 
rta where the superior cardiac branch is largely distributed, and it is 

vasoconstrictor influence of this nerve, not only to the aorta but the 
ronaries which it also supplies, that is responsible for the main symp- 
m of angina. Death occurs when this constrictor action on both 
rta and coronaries deprive the heart of blood, and this effect is con- 

ributed to by sclerosis of both the aorta and the coronary vessels. It is 
ossible that constrictor impulses are relayed to some extent by the 
iddle ganglion, which, according to some authors (Figs. 1 and 2) may 
ive off a branch to the superior cardiac nerve below where it was cut 
our operation. This would account for the persistence of certain 
referred pains in a few of the cases. 

There is one other point that needs consideration, and on which 
‘ight can only come from developments in patients already operated on, 
and that pertains to the work of Wenckebach,* and Eppinger and Hofer 
in Vienna. Wenckebach reported five cases in which the depressor 
nerve was resected on the left side. This nerve, according to Krielman, 
arises by two roots, one from the superior laryngeal and the other from 
the vagus. These two join, forming a cord which soon unites with the 
vagus. Finkelstein® found this branch in only two of five cadavers. 
Bekésy found it in nine out of fourteen cadavers, and states that it runs 
isolated for only 1 cm. and then joins the vagus again. It exists as a 







































4. Wenckebach, K. F.: Deutsch-Internisten Kongress, Vienna, April, 1923. 
5. Finkelstein: Der Nervus depressor beim Menschen, Kaninchen, Hunde, 
bei der Katze und dem Pferd, Arch. f. Anat. u. Phys. Anat. Abt., 1880, p. 245 









420 ARCHIVES OF INTERNAL MEDICINE 


separate nerve in animals according to von Cyon.® The existence of a 
separate depressor nerve in man is denied by American physiologists 
and anatomists, so far as we have been able to carry our search. 
Odermatt * reviews the literature on this nerve, and describes an attempt 
to cut it in a case of bad angina. Hotz of Basel operated under loca! 
anesthesia on a man, aged 65 years, who had had scarlet fever and 
rheumatism in youth. A diagnosis of tetany and syphilis was mace 





Fig. 1—The cervical and dorsal sympathetic systems, with connections t 
spinal cord and vagus. a, cavernous plexus; b, internal carotid plexus; 
ramicommunicantes between gangliated cord and d, ganglion jugulare; e, cervica! 
nerves I, II, II], 1V, V and VI; f, plexus about vertebral artery VII; g, plexus 
about subclavian artery VIII; h, thoracic nerves I, II, III, 1V, V, VI and VII: 
i, cilary ganglion; j, sphenopalatine ganglion; k, ganglion nodosum vagus; 
1, otic ganglion; m, connections with vagus and glossopharynx to form pharyngeal 
plexus (inhibitory); n, submaxillary ganglion; 0, p and q, superior, middle and 
inferior cardiac nerves (accelerator); r, connections with vagus and recurrent 
laryngeal nerves (inhibitory); s, left pulmonary plexus; ft, cardiac plexus; vw, 
right pulmonary plexus. 





6. Von Cyon: Die Nerven des Herzens, Ubersetzt vy. Heusner, Berlin, J. 
Springer, 1907. 
7. Odermatt, W.: Deutsch. Ztschr. f. Chir. 182:541 (Sept.) 1923. 
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in 1921. For four years he had had cramps in the hands and stasis in 
the veins. The Wassermann test was positive. Blood pressure at this 
time was 170. An antisyphilitic treatment left him free from trouble 
for one and one-half years. Following this, he began to have pressure 
in the heart region, air hunger, anxiety, and pain in the right shoulder. 
In the hospital he continued to have attacks more and more frequently, 
in spite of much rest in bed and general treatment. The pains radiated 
to the left shoulder blade and arm, as many as four attacks occurring 
in one day. 
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Fig. 2—Cardiac, pulmonary and coronary plexuses; a, ganglion of root 
(inhibitory) ; 6, ganglion of trunk (inhibitory) ; c, superior cardiac nerve (accele- 
rator); d, cervical cardiac branches of vagus (inhibitory); e, middle cardiac 
nerve (accelerator); f, inferior cardiac nerve (accelerator); g, thoracic-cardiac 
branches of vagus (inhibitory); 4, right inferior pulmonary plexus; i, right 
coronary plexus; /, superior laryngeal; k, superior cervical ganglion (accelerator) ; 
!. ganglion of root (inhibitory); m, branch from superior cervical ganglion; n, 
ganglion of trunk; 0, depressor; p, left vagus (inhibitory); g, superior cardiac 
nerve (accelerator); r, branch of superior laryngeal to superior cardiac; s, middle 
cervical ganglion (accelerator); ¢, inferior cervical ganglion (accelerator); u, 
deep cardiac plexus; v, superficial cardiac plexus; w, left posterior pulmonary 
plexus; x, left coronary plexus. 


The incision was made along the sternocleidomastoid muscle and the 
relations shown in Figure 3 were made out. 
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Stimulation by faradic current of the vagus caused severe pain in 
the breast, faradization of the fibers known as the depressor caused 
slight cough but no alteration of the pulse. Blood pressure varied from 
120 to 145 systolic and from 75 to 105 diastolic, mounting steadily 
toward the end. 

Following the operation, the patient had dyspnea and complained of 
air hunger. Edema developed ; the heart dilated. There was no further 
angina. He died fourteen days after the operation with heart insuf- 
ficiency symptoms. 

Odermatt is not certain what was cut in the operation. 





Fig. 3.—a, sympathetic of neck; b, hypoglosseal; c, branch of hypoglosseal; 
d, vagus; e¢, laryngeal superior; f, and g, the two roots of depressor. 


Dr. S. W. Ranson (Northwestern University), whose studies and 
comments on this work have been most helpful, is of the opinion that the 
good results in Wenckebach’s * patients were due to the fact-that Hofer, 
who operated on them, cut the superior cardiac branch thinking it was 
the depressor. There is still one other theory worth setting forth, and 
that is that there are connections between the superior cervical ganglion 
and the two ganglions of the vagus, as well as with the superior laryn- 
geal, and in removing the cervical ganglions some important bypaths 
are interrupted which contribute to stabilizing the first part of the aorta 
and the coronaries. This does not make the situation any less complex, 
and we will now review the operations on angina published to date and 
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eported to us by letter, in the final attempt to show that the chief 
sult in all the proposed and executed operations has accomplished only 
hat has been accomplished in a large majority of our cases and patients 
erated on by our procedure. 


REVIEW OF THE LITERATURE 


s 


The operative procedures to date are divided by Kappis * into five 
oups. 

1. Resection of the middle and lower cervical and upper thoracic 
mpathetic ganglions on the left side. Three operations, two by Jon- 
sco’ in syphilitic men, aged 38 and 54, respectively, and one by 
iffier * in an arteriosclerotic man, aged 50. In all, the anginal attacks 
re relieved. 

2. Resection of all three ganglions of the left cervical sympathetic 
ain and the upper thoracic ganglion. Brining,'® Kummell and 
ippis > each operated on women, aged about 60 years. Bruning and 
ummell’s cases were rendered free from attacks. Kappis’ case, a 
man, aged 62, with increasingly severe attacks of pain in the heart 
gion and left arm, whose blood pressure was 200 systolic and 170 
astolic had an attack during the operation. Four months after opera- 
n, after exertion, attacks of pain began again behind the lower 
rnum and in the back. Accompanying this also was a feeling of 
xlety. 

In this connection must be mentioned a brief report by Pleth of 
tockton, who claims to have done the Jonnesco operation on four 

atients with angina, with relief of pain. One died of aspiration pneu- 
onia. The published report is without detail. 

3. Resection of the main trunk and superior cardiac branch of the 
uperior cervical ganglion. Five cases were reported by us, one patient 
ied six hours after operation. 

4. Severing of the “depressor vagi.” Eppinger in Wenckebach’s 
linie reports five patients operated on by Hofer, two on the left side 

alone, and three on both sides; one died and the others were relieved. 
(\dermatt* reports a sixth patient who died in thirteen days of 
progressive heart insufficiency. 


8. Kappis, M.: Diskussionsbemerkungen zu, Das Schmerzproblem der 
Eingeweide, XLVI Kong. d. deutsch. Gesellsch. f. Chir., 1922, Arch. f. klin. Chir. 
121:188, 1922; Med. Klin. 19:1658 (Dec. 23) 1923. 

9. Tuffer, T.: Deskussionsbemerkung, ref. Bull. de l’Acad. de méd., Paris 
86:99 (July 26) 1921. 

10. Briining, F.: Die operative Behandlung der Angina Pectoris durch 
Exstirpation des Hals-Brustsymathicus und Bemerkungen uber die operative 
Behandlung der abnormen Blutdrucksteigerung, Klin. Wehnschr. 2:777 (April 
23) 1923; Arch. f. klin. chir. 126:490, 1923. 
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lif. 4—Site of operation. a, laryngeal superior; b, sympathetic nerve; ¢ 
vagus; d, depressor: ¢, carotid. 





Fig. 5.—a and b, two roots of depressor nerve; c, superior laryngeal; d, vagus. 
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5. Severing of the “depressor vagi” and extirpation of the lower half 
if the left superior ganglion to the lower half of the middle ganglion. 
orchard '! reports such an operation on a man, aged 54, who, except 
for a light-attack on the fifth postoperative day, was relieved. He died, 
three weeks later, of acute circulatory disturbance in the brain. 

To these groups should be added a case reported by us (Case 2) of 
dextral radiations of pain, in which a resection of the right superior 
ervical ganglion was done with complete relief. 

6. We now add nine cases, in which the operation consisted in 
removal of the superior ganglion, one of them just referred to and one 
where the ganglion removal followed a year and a half after simple 
section of the left trunk and superior cardiac branch. Of these one 
patient died as a result of the operation and one two weeks later. The 
thers have been relieved, except Case 6, and he has been relieved 
it all but the referred pain and pain due to trauma of operation. 

To this group are added brief reports of cases by Bacon, Holmes, 
Nattzinger, Lambert, Marvin (two cases) and Mortensen. The patients 
were all relieved of the substernal agony and with but one disturbing 
complication (Marvin's first case). Other successful operations have 
heen done but the results were not published, and reports of them were 
not available to us. 


REPORT OF CASES 


Case 1.—H. S. H., a man, aged 54, entered the hospital on Sept. 19, 1922. The 
entrance diagnosis was angina pectoris. 

Present Illness —The patient had lower third substernal discomfort and some 
shortness of breath for the last few years. For the last few months the condi- 
tion had become more serious, On the least exertion he had pain in the center 
of the chest and epigastrium, which eating exaggerated at times (from one- 
half hour on). He did not vomit, but belched at times. The pain radiated to 
shoulders and arms, and he had numbness and tingling in the hands. The 
pain passed away in from five to ten minutes, and went faster if he assumed 
an erect position. The attacks of “distressing pain” under the lower third of 
sternum began fully two years ago. They occurred as an incident to excite- 
ment or muscular effort, and consisted of a painful feeling of pressure, which 
would extend upward across the upper chest and into the back between the 
shoulder blades, and recently down the arms where it consisted of an ache 
in both arms and upper forearms. There was also numbness, tingling and pain in 
the fingers, but no neck pain. The pain was equally distributed to the two sides. 
These attacks would come four or five times a day, growing more frequent as 
time went on, and following less exertion. Once in a while he awoke with an 
attack the usual duration of which was from five to ten minutes. Belching 
might relieve an attack, and soda seemed to help. A nitroglycerin tablet relieved 
in a few minutes. Standing up seemed to help always. The attacks did not 
vary much in severity or duration. Shortness of breath marked the condition 
in the beginning. The patient lost 25 pounds (11.3 kg.) in the last three 
months. His average weight for twenty years was 210 pounds (94 kg.). He 
dieted last May and lost 20 pounds (9.0 kg.). In April, 1922, the attacks became 


11. Borchard, quoted by Kappis, Footnote 8. 
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more severe, the pain extending down the arms for the first time. The first 
severe attack followed running for a car. The patient had no sense of “impend- 
ing death” in any attack. 

In spite of diet and nitroglycerin and more control of effort, attacks con- 
tinued. Shortness of breath did not bother him recently. 

Family History —Negative. 

Past History—He had not smoked for two months. He ate regularly and 
his appetite was good. He ate only two meals a day, and slept fairly well. The 
howels were normal. He had nycturia three years ago, and had had measles 
and mumps. He did not have malaria or typhoid. The patient denied venereal 
history. He has had no rheumatism or gout and never underwent an operation 
He has never had any injuries. 

Physical Examination—The general appearance was of a well nourished 
man, with rosy color, the size and shape of whose head was normal, the eyes 
clear, pupils equal and regular and reacted normally. The nose was normal. 
The hearing was good. The mouth and teeth were fair, some teeth were crowned, 
the membranes were normal and the throat negative. Partial tonsils were still 
evident. In the chest the breath sounds were roughened. 

Heart.—Blood pressure was 108 systolic, 62 diastolic, the sounds were not loud 
owing to the thick chest wall, there were no discrepancies and no irregularity ; 
the pulse was full, regular and compressible. 

Abdomen.—There were no masses, tenderness or rigidity. The genitalia were 
normal. 

Reflexes—The knee jerks were normal. On September 20, the blood pres- 
sure was 108 systolic, 62 diastolic. September 22, the patient had no pain since 
he entered hospital because he has been kept (1) at rest; (2) on light diet; 
(3) on digitalis and sodium nitrite for the last twenty-four hours. 

The patient recognized the connection between his pain and physical effort. 
The nitrite was stopped on account of the absence of pain and low blood pres- 
sure, 108 systolic, 60 diastolic. 

Urinalysis —Amber ; clear; specific gravity, 1.015; alkaline; no albumin; no 
glucose. Microscopic examination showed very few amorphous phosphates, few 
red blood cells and mucous threads, 

Gastric Contents—Test meal. The amount obtained was 105 c.c., normal in 
character, the total acidity of which was 59, free hydrochloric acid 52. 

Wassermann Report.—Negative. 

Fluoroscopic Examination.—Showed a thickened dilated aorta. The aorta 
almost filled the postcardiac space. There was considerable hypertrophy of the 
left ventricle. 

September 23, the pulse was 54. Blood pressure, 114 systolic, 60 diastolic. 
The patient had slight pain before breakfast in the morning, which lasted for 
a few seconds. September 25, the patient was still on digitalis. The pulse was 
68. There was no pain. The blood pressure was 114 systolic, 56 diastolic. 
September 26, roentgenograms, taken from the lateral and from the antero- 
posterior, showed considerable thickening of the aorta, also some dilatation. 
Both diaphragms were irregular, especially the right. Heavy peribronchial 
thickening, also hilum thickening was seen in the chest. 

Conclusions—Considerable radiologic evidence of aortitis. 

September 27, the patient had no pain and was given one week's leave. 
October 4, he returned in the morning. He noted slight pain whenever he made 
any special exertion, such as taking a three-block walk, or went upstairs at all 
fast or carried a grip. 

The patient woke up with pain at midnight a few nights before; he had eaten 
a fairly good dinner. He was not constipated. His weight the morning of 
return was 182 pounds (82.6 kg.), a gain of 2 pounds (0.9 kg.) in a week. The 
blood pressure was 111 systolic, 56 diastolic. The pulse was 72. 
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October 5, electrocardiogram showed the T wave inverted in Lead I. The vital 
capacity was 3,760 c.c., about 80.5 per cent. of the normal height standard. 

October 6, the weight was 181. The patient had pain in the morning, 
-aused by rubbing himself with a bath towel. The pain passed away when he 
tood up. The blood pressure was 122 systolic, 64 diastolic. The pulse was 62 
ind regular. The patient was taking no medication, 

October 11, operation was performed for the resection of branches (cardiac 
and trunk) of the superior cervical ganglion, after 4% grain morphin, 4gq grain 
itropin, nitrous oxid and ether anesthesia. The duration of the operation was 

irty-five minutes. 

The pulse was 88, respiration 20, the patient’s color was good. The pupils 
ere contracted. He was perfectly conscious one hour later, and complained 
f pain in the chest two and one-half hours later. The pulse just before this 
vas good, The patient vomited five minutes later and appeared to be choking. 
he intern administered epinephrin and later camphorated oil, followed at once 
y oxygen as the color was pale and the pulse imperceptible. The patient died 

few minutes later, twenty minutes after the vomiting began. Necropsy was 
fused. 

This was regarded as a cardiac death, and believed to be referable to serious 
vronary sclerosis and myocardial disease. 

Case 2.—]. D., a man, aged 68, entered hospital with marked cardiac decom- 
ensation, auricular fibrillation and dyspnea, after three months of care at home 
lowing a severe attack of angina.” Several mild attacks a day were the rule, 
nd in the three months interval three severe attacks had occurred. 

The pain was under the upper sternum and the radiations were dextral, 
xcept in the first attack where they extended to both arms. The right superior 
ervical ganglion was removed by Dr. W. B. Coffey, with complete cessation of 
oth the severe and minor attacks. 

The negative T wave in Lead I before operation was not visible after the 
peration, 

Case 3.—P. J. M., a man, aged 41, Danish, a boiler-maker, was admitted to 
e Southern Pacific Hospital, April 23, 1923. The diagnosis was angina 
vectoris, with the complication of aortitis. 

Family History.—Negative. 

Past History.—Negative. 

The patient was married and had one child. He denied venereal history. 

Complaint.—The patient had pain over the heart on slight exertion for the 
last two and one-half months. He got wet while at work, and had a mild form 
of influenza on February 7, and immediately afterward he noticed shortness 
of breath, and a few days later noticed pain in the precordium after exertion. In 
two weeks the pain was severe enough to confine him to bed. This pain first 
started just under the left of the sternum about at the level of the eighth rib, 
and immediately traveled up to the neck and out both arms, stopping at the 
elbow usually, and always on the inside of the arm. This pain in the first 
attack lasted for about thirty-six hours. Since that he has had attacks last- 
ing for only a few minutes. The pain in these attacks did not travel down the 
arms but did go up to the neck. These minor attacks came on after eating 
heavily, slight exertion and excitement. 

For two months (since February 16) he had been laid up. He had what he 
called “flu.” His average weight was 206 pounds (92 kg.) now 185 (83.9 kg.). 

Physical Examination.—The patient appeared healthy in all respects, except 
for a purplish flush on his face, which was most noticeable on the lips. The 
head showed no abnormalities. Blood pressure, 125 systolic, 85 diastolic. The 


12. Brown, P. K.: Cervical Sympathectomy for Angina Pectoris: Report 
of a Case with Dextral Radiations of Pain, J. A. M. A. 80:1692-1693 (June 9) 
1923. 
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pulse was slow, 66, regular and appeared normal. The heart was slightly 
enlarged, the tones faint, with slight systolic roughness over the aorta. There 
were no irregularities of rhythm. 

The abdomen was negative. The extremities were normal. The reflexes, 
normal. 

April 24, the blood pressure was 100 systolic, 76 diastolic. 

Urinalysis.—Negative. 

Blood Report—Hemogloblin 90. Erythrocytes, 5,040,000. Color index 9. 
Leukocytes, 5,000. 

April 26, the Wassermann test was negative. Vital capacity, 4,050, 96 per 
cent. 

Roentgen-Ray Examination of Heart and Aorta—The entire left chest was 
obscured by a faint opaque shadow. Interfissural thickening had taken place 
on the right side. The aorta was broadened. There was general hypertrophy 
of the heart muscles. 

Conclusion.—Arteriosclerosis of the thoracic aorta, and general hypertrophy 
of the heart muscles. The opaque shadow seen on the left side could be due 
to congestion ; however, it was more reasonable to believe that a chronic pleuritis 
had taken place on this side. 

May 3, the patient still had some pains. There was a subacute inflammation 
of the entire vocal box. There appeared to be some inhibition in movement of 
the left vocal cord. 

Electrocardiagram showed left ventricular preponderance and some _ indi- 
cation of a negative T wave in Lead I. 

May 17, the patient was dismissed somewhat improved. 

June 11, he was readmitted to hospital, after two weeks’ leave, because of 
persistent attacks of pain and inability to work. 

The patient stated that since he left the hospital he has had daily attacks 
of pain in the precordial region, without any radiation. During these attacks 
he felt as if he were suffocating. 

June 12, the blood pressure was 134 systolic, 96 diastolic. 

June 21, the patient was taken to the operating room at 9:30 a. m. The 
anesthetic of nitrous oxid and ether was started immediately. When the 
patient came to the surgery he was in a highly nervous state. At 9:40 he 
began to go into what appeared to be a collapse. His pulse became very weak, 
in fact hardly obtainable and irregular. We were unable to hear any heart 
sounds. His breathing became very irregular, slow and shallow. The color of 
his face became very peculiar, the left side was blue in one portion and pale 
in another, there being quite a marked distinction between these two areas. 
The right side of the face had a grayish pallor. He looked like a dying man. 

The anesthetic was stopped, and 3 c.c. of camphorated oil was given him 
hypodermically. In about five minutes his condition became better, the heart 
and pulse were fairly good, and the ether anesthetic was continued. 

The operation was begun at 10:05 and ended at 11, with the closing pulse 
84, respiration 20 and the color fairly normal. The left superior cervical gan- 
glion was removed by Dr. Coffey. 

June 22, the patient complained of sore throat and spoke in a whisper. He 
had a temperature of 101. The pulse was 100. 

June 23, he had no pain in the precordial area or shoulder since operation, 
and said he felt fine. He still complained of sore throat. The temperature 
was 101. The patient was kept on a liquid diet. 

June 24, he was able to speak a little louder. The sore throat was still 
present. 

June 25, the patient spoke better. The sore throat was disappearing. Blood 
pressure, 130 systolic, 92 diastolic, in both arms. 

July 2, he had a desquamative dermatitis on the right leg before operation, 
and this spread all over his body and on the fingers and palms, not on his feet 
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or face. He complained of numbness in the left side of the face, hoarseness and 
cough, and said his tongue was in his way and that he could not chew without 
biting it. The blood pressure was 110 systolic, 80 diastolic. 

July 9, the patient had no pain whatever and felt better than at any time since 
the operation. The hoarseness continued, also the difficulty with the tongue. 
fhe cough was better. The dermatitis was practically gone. The blood pres- 
sure was 135 systolic, 110 diastolic, and the patient was discharged. 

August 17, he was readmitted to the Southern Pacific Hospital, with the 
admission diagnosis of brachial neuritis (traumatic). The patient was given 
hot magnesium sulphate compresses, with steady improvement. 

August 27, he was discharged relieved; by the last report on March 10, 1924, 
there was no subsequent trouble. 

Case 4—E. H., a man, aged 28, entered hospital June 6, 1923, with the diag- 

sis of angina and mitral stenosis. 

Family History —His mother had high blood pressure at the age of 46, and 
is father had asthma. 

Previous History—No history of rheumatism or tonsillitis. He had pleurisy 

1917, otherwise his history was negative. The patient was married, and 
ad three children. 

Present Illness or Injury—On May 5, at 7:30 a. m., after breakfast, the 
atient had pain in the region of the heart apex which got steadily worse, 
xtending first to back of left side of neck, then across base of heart under the 
ternum where it stayed for one hour. The whole attack lasted for two hours. 
i he took a deep breath, the pain was worse and the heart beat rapidly. He 

id not worked since then by his physician’s orders. The second attack was 
n the afternoon of May 8, at 3 p. m. There were two or three waves of pain, 
hiefly in the heart region. It was not in the shoulder or neck or substernally 

before. The pain lasted off and on until 8:30 p. m. The patient took a 
eood deal of medicine. 

Teeth—One crown but otherwise they were in good condition. 

(Chest—No signs of a pathologic condition. 

Heart.—The sound was very weak, systolic murmur loudest and roughest at 
apex, which was in the fifth space at the mammary line. The second pulmonic 
Was accentuated. 

May 11, at breakfast the patient had a weak spell and felt as though he 
would faint, and had to go out and sit down. He became dizzy but did not 
faint. The heart pounded but did not hurt. He had an ache in his back, in the 
lumbar region, which developed May 10. 

May 12, he had a dull ache in the heart region and left arm the previous 
night from 4 p. m. until he went to sleep. 

May 16, when the tube was passed to remove a test meal, the patient had 
an attack of angina, with pain radiating down the arm and down the outer 
side of the left leg. The arm pain was worse than the leg. He had pain May 
15 in the back of the neck. 

May 19, the patient had pain again on the previous night, not severe, but felt 
it in the left arm. 

May 21, not much pain May 20, but two or three pains in apex region after 
going to bed. 

May 22, pain in heart May 21, at night, caused by vomiting after a dose of 
castor oil. At 10 a. m. the patient was in operating room. The pulse was 
©) and regular. Blood pressure, 120 systolic, 50 diastolic. Left superior cervical 
sympathetic ganglion removed. 

May 23, the patient vomited in the morning but had no attack of pain asso- 
ciated with it, either in chest or arm. The left pupil was contracted and the 
left lid drooped slightly. He said he had once felt as if a bee was buzzing in 
his pocket over his heart, but had no pain whatever in the heart. There was 
irritation of the recurrent laryngeal, and the patient had trouble swallowing. 
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There was pain in the head over the left eye the previous night from 11 p. m. 
on, which he still had at noon. He swallowed better than on the previous day. 
He said his eye felt funny and half closed. It was sore to the touch or when 
he moved the eye. He had a slight conjunctivitis in that eye. Ether (?). 

May 26, the patient had nightmare (dreamed he fell in a river) during the 
night and awoke with violent pounding of the heart, which he says shook th: 
bed and caused him a panicky feeling but no pain. He swallowed without 
trouble. There was slight ptosis of the left eye lid. The left pupil was smaller 
than the right. 

May 27, suddenly, yesterday afternoon, while lying quietly in bed, he had a 
buzzing feeling over an area the size of a dime just inside the left nipple. Two 
or three minutes later, he had a pain (dead aching in character) which differed 
from the former acute shooting pain. It was quite severe, extended to the top 
of the shoulder joint and down the inside of the left arm and down to the 
wrist. The fingers felt a tingling only, as if asleep. The pain lasted from fi, 
to ten minutes and gradually wore off. He moved about in bed, and a litt): 
later took his supper and later took soda and got rid of a good deal of gas. Th: 
pain, however, had gone. Later he described it as a gas pain. He was a good 
bit apprehensive and might have been frightened by the attack and exaggerated 
it, but he certainly had symptoms of an anginal attack. 

May 3], the left conjunctivitis had about disappeared, but after reading 
returned and he had pain in left supraorbital region. The contracted left pup!! 
followed the left cervical sympathectomy. The patient was referred to th 
oculist, Dr. Blake, for recommendation. 

June 1, the eye was examined by Dr. Blake, with the following report: Th 
left pupil was smaller than the right. The reaction to light and in accomm: 
dation was normal Miosis was probably due to absence of tonic dilat: 
impulses by way of cervical sympathetic. The fundus was normal in both eye 
Yesterday afternoon, while playing cards, he had a sudden feeling of oppressic 
when breathing, his head was light and he had a choking sensation. He foun: 
he could breathe easily but felt the need of air. He felt faint and dizzy. H 
came back to the ward, his legs felt weak and his head felt as if he were float 
ing on air. Took 2 drops of nitroglycerin and in thirty minutes was quit: 
recovered. He lay down during this time. There was no immediate effect from 
the nitroglycerin. The nurse’s record said immediate relief, but he had bee: 
getting better for from ten to fifteen minutes before the nitroglycerin. Al! 
functions of the body were being performed well, although a laxative at night 
had been used. Blood pressure was 110 systolic, 66 diastolic. The pulse was 60 
The electrocardiograph showed only right, ventricular preponderance. 

June 4, examination (P. K. B.) could not detect the slightest heart murmur 
There was a reduplication of the first tone at the apex. The rate and rhythm 
were normal. There was nothing to indicate a valve lesion. Blood pressure, 
110 systolic, 60 diastolic. Pulse, 68. 

June 26, the patient still had a slight numbness in front of the left ear, and 
below it to just below the angle of the jaw. He was sore over the region of the 
lower parotid, and eating sour things caused pain. There was nothing found in 
the teeth, but both tonsils were big, cryptic and infected. He caught a cold 
which lasted for four or five days, and was pepless for a time. He was feeling 
well before that. Blood pressure, 106 systolic, 60 diastolic. Pulse 88. Tones 
of the heart semed absolutely normal. There was no change in size. Except 
for gas, he had no complaint, and when he had a great deal of gas, or over- 
exerted, he had an ache with three or four successive heart beats, which lasted 
intermittently for half an hour. This continued until relieved of gas, and was 
worse when he was without food for longer than usual. Eating then relieved 
him, because he belched as soon as he had eaten. 

Case 5.—A. W. B., a man, aged 58, with a history of angina, was admitted 
to hospital on the service of Dr. Earl Greenwood, Aug. 3, 1923. The patient's 
chief complaint was pain in the precordium extending down the arm, lasting 
for the last nine or ten years. 
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Past History—The patient was an inveterate smoker, a heavy drinker (not 
r the last four months) and a heavy eater. He had had measles and mumps 

17, with testicular involvement. About ten years ago, the patient had a 
vere attack of pain in the right upper quadrant, gallstones and no jaundice. 
le has had some urinary disturbance, with frequency at night, which has 
minished lately since letting up on coffee; there was no burning on urination. 
uestionable primary syphilis, no secondaries. 

Present Illness—Nine or ten years ago the patient first noticed the onset 

pain in the precordium following some exertion, of a dull aching type, 
riods of freedom occurring nearly every day. Attacks were brought on by 

ld air, anger, excitement or effort. 

About one year ago, the patient undertook extra work involving nervous as 

11 as physical strain. At this time the pain, of a sharp shooting type, became 

re severe, radiating down the left arm. The patient was not certain whether 

pain originated in the precordium or the left arm, but both are associated. 

stated that there was an area over the second rib painful to touch during 
tacks. There was no substernal pain. The patient has had five severe attacks 
ring the last five days. During examination, he had a long attack lasting 
veral hours, relieved after five doses of 4oo grain nitroglycerin hypodermically. 

had been in the habit of taking large amounts of black coffee for the last 
ir. He had been an inveterate smoker all his life. On the day of admission 
used a considerable amount of alcohol in an effort to relieve the pain. He has 
| some shortness of breath lately but no swelling of the feet or ankles and no 
thmatic attacks. 

Physical Findings—An elderly man, of florid complexion, and somewhat 

inotic was seen. The pupils were irregular and small (codein?). The teeth 

re in a very poor condition; the gums were discolored. The neck showed 
me pulsation in veins. The chest was thick, there was some dulness over 

whole area and both lungs, especially at bases, elicited miusical coarse 
les; there was a small area of pleuritic rub in the right axilla posteriorly. The 

art area of cardiac dulness was enlarged to the left 2 cm. outside the mid- 
lavicular line, the sounds were rapid and weak, with a faint systolic murmur 
t the apex. Blood pressure, 148 systolic, 100 diastolic. 

Abdomen.—Protuberant. The liver was enlarged about one finger below the 
stal margin, somewhat tender, otherwise physical examination was negative. 
he Wassermann test was negative, and the urine was negative. 

Roentgen-ray examination of the thorax showed “myocardial type of heart,” 
me widening of the aorta, increased bronchial tree markings about the hilum, 
robably secondary to cardiac trouble. 

August 9, the blood pressure was 138 systolic, 28 diastolic; August 10, 122 
ystolic, 80 diastolic; August 12, 118 systolic, 80 diastolic. 

August 15, left cervical sympathectomy was performed. The anesthetic began 
it 12:25, the operation at 12:40 and ended at 2 p. m. The superior cervical 
vanglion was removed. The superior cardiac nerve and main trunk were resected. 
lhe pulse before operation was 88, after 110. Respiration, 19 before, after 28. 
Blood pressure just after operation (2 p. m.) was 90 systolic, 70 diastolic. At 
S p. m. it was 118 systolic, 78 diastolic. 

August 16, the blood pressure was 112 systolic, 76 diastolic. The patient 
omplained bitterly of pain in the left side of the neck and begged for relief. 

Nitroglycerin, %» grain hypodermically and 4% grain by mouth, gave no relief, 
even repeating both doses. The pain he complained of seemed to be local, due 
to trauma of operation. He had no arm pain, which had been his worst symp- 
tom, till reminded of it at 8 p. m. 

August 17, the blood pressure was 112 systolic, 70 diastolic; August 18, 
98 systolic, 58 diastolic, sitting up; August 19, 118 systolic, 76 diastolic; August 
20, 110 systolic, 72 diastolic; 128 systolic, 86 diastolic, lying down; August 21, 
118 systolic, 74 diastolic, sitting up. 
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August 23, urine analysis, reaction, trace of albumin, specific gravity 1.015, 
occasional granular casts, many hyaline casts, no sugar. 

Within the week after operation, he was up and walking to the sun porch. 
His chief complaint was air hunger. He had fair nights on phenolbarbital, 
2 grains. His limbs began to swell within a few days of operation, the urine 
became less in spite of a diruetic every two hours. The pain was chiefly in 
the neck, but he complained at times each day of pain above the heart and in 
left forearm. A troublesome cough developed on the fifth day after operation, 
and the dyspnea grew worse. In spite of improvement in renal output, daily 
bowel movement, light diet and abundant stimulation, the heart from this point 
failed steadily and the dyspnea grew worse. 

The patient died at 9 p. m., the tenth day after operation. During the last 
five days his one complaint was air hunger, and except for one attack of heart 
pain relieved by aromatic ammonia, there was no true angina. Necropsy was 
refused. 

Clinical diagnosis: Advanced coronary disease with interstitial myocarditis. 
Death from failure of the heart. 

Case 6.—A. K., a man, aged 59, on Oct. 3, 1923, complained of upper sub- 
sternal pain and flatulence off and on for the last three weeks. The pain came 
on after exertion and the attacks lasted for ten minutes, the patient having to 
sit and gasp for breath. Eight years ago he ran for a train and got out of 
breath, fell and could not speak for twenty minutes, so severe was the pain. The 
pain was located in the mid-chest across sternum, and generally shot from the 
elbow down to finger tips without affecting the shoulder or upper arm. No 
other radiation of pain was noted. Dyspiiea accompanied the attacks. Thes 
come on an average of from six to seven times daily. There was no pain when 
in bed and quiet. There was a good deal of bloating and flatulence, which 
aggravated the chest pain. There was no dizziness. The disappearance of 
chest pain left him with a frontal headache. Cold sweat followed the attacks 

The pain began when he made the exertion eight years ago. He thought it 
was in the bronchial tube and throat, on account of the difficulty in getting his 
breath. Three years ago, in the Siskiyou Mountains, he had recurrence of the 
pains, and difficult breathing which became normal when the pain disappeared. 
The blood pressure was 118 systolic, 70 diastolic. 

October 5, the patient had an eye examination. The external eyes were 
negative. The mediums were clear. The fundi were negative. Myelinized nerve 
fibers were present at the margin of the disks in both eyes. 

Roentgen-ray examination of the chest, heart and aorta showed considerable 
hypertrophy of the left ventricle. The aorta was increased in density. The 
transverse portion of the arch measured 7.5 cm., which is a normal measure- 
ment. The heart measured 15 cm. in the transverse diameter, 17 cm. in the 
diagonal diameter. Conclusion: Aside from the unusual density of the aorta, 
no pathologic findings were seen. 

October 6, the patient had no attacks of pain on October 4, but had two 
attacks October 5, one at 4 p. m., lasting from five to ten minutes; one at 8 p. m., 
lasting from three to four minutes. At 4 a. m. he was awakened by an attack 
more severe than usual and lasting for ten minutes. He took no medicine, and 
perspired freely after the attack. He had no special trouble with breathing, but 
in this attack he felt that he must draw in a long breath. The pain was always 
located below the upper sternum and ran over toward the upper axilla. Some- 
times the pain shot down the forearms, and that morning especially he felt it 
in the right forearm; it semed to terminate in the thenar eminence. It did not 
radiate to the neck, but did at times radiate to the left shoulder, never to the 
right. Never in the back of the head, but when the pain (substernal) had 
lessened he had a frontal headache for from twenty to thirty minutes. The 
vision was never disturbed. The patient has had “touches of pain before in 
the right forearm.” Nitroglycerin, 499 grain, was prescribed for attacks. The 
blood pressure was 138 systolic, 98 diastolic. 
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October 8, at 8 p. m. the patient had an acute attack of pain in the sub- 
ternal region, radiating to the back between the scapulae to both arms. It was 
it relieved by two doses of nitroglycerin at one-half hour intervals. There was 
ight relief from amyl nitrite. 

October 9, he had bad anginal attacks during the night, and pain off and on 
\l night. He was given nitroglycerin, amyl nitrite and morphin. He vomited 
he food this morning that he had eaten the previous afternoon. He had eaten 

rshmallows before supper. 

October 11, roentgenogram of the chest showed opaque shadow at the leit 

se, probably due to slightly thickened pleura. The stomach filled in the usual 
anner, and was normal in outline, size and position. No filling defects were 
en. Roentgenograms of the gallbladder showed a rounded shadow under the 

er. The stomach was empty in the usual six hours time. A twenty-four hour 
‘amination showed the colon well outlined. 

The findings were marked spasm of the pylorus and bulb, in conjunction 

th the round shadow under the liver pointed to a condition of chronic 

olecystitis. 

October 13, the patient had no pain since October 8. 

October 14, he had an attack the previous night, relieved by nitroglycerin. 

Family History.—Negative. 

/labits —The patient did not smoke or drink. 

Past History—Hemorrhoidectomy in 1916. Otherwise negative. 

E-xamination.—A well developed, middle-aged man, lying quietly in bed, in 

apparent pain was seen. The head, eyes and nose were normal. The mouth 
id plates. The tonsils were negative. The chest was symmetrical, with 

rmal expansion. The lungs were resonant throughout; there were no 
iventitious sounds. The heart apex beat was best heard in the fifth intercostal 
ce nipple line. The sounds were distant and regular; there was no murmur. 
he abdomen was negative. The extremities were negative. 

November 12, the patient returned from leave of absence (thirty days). The 
sual symptoms were present. Some days he would have from three to four 
ginal attacks, others were free from pain. The slightest exertion brought on 

attack of precordial pain radiating down the left arm. There was shortness 
i breath during the attack and the patient could not breathe. Also cold sweat 
ppeared. The patient had a slight postcervical ache.* He had not become any 
tter or any worse. 

November 13, on ascending an incline yesterday, he had to stop twice on 
.ccount of heart pain. Vital capacity 2,800 c.c. The blood pressure was 100 
ystolic, 72 diastolic. 

November 14, the electrocardiograph was made yesterday. The patient had 

© attacks. For the last month he has had no day without attacks, from two 
to six a day, depending on exertion. These attacks were relieved with nitro- 
vlycerin. Tincture of digitalis, 20 drops three times daily was prescribed. 

November 15, there was an abrasion on the right side of the epiglottis but 
no evidence of any bone in the larynx or upper trachea. 

November 17, the blood pressure was 116 systolic, 80 diastolic. 

November 19, the left superior cervical ganglion was removed, under local 
anesthesia, by Dr. Coffey. 

November 20, the operation produced no reaction in the patient. After the 
wound was closed, the blood pressure was 118 systolic, 78 diastolic, and the 
pulse 68, regular and full. 

During the operation the patient experienced a pressure pain above the mid- 
clavicular region over to side of larynx. When the superior ganglion was 
grasped with forceps, he felt the same pressure pain at the base of the brain. 
(Distinctly not the burning pain as described by H., the other patient done 
under local anesthesia.) He had blurred vision in the left eye in the morning. 
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He had no numbness at angle of left jaw, which all the other patients have 
described. Early on the afternoon of November 19, the patient had a pain in 
the left breast region lasting for ten minutes, unlike any pain he had had befor: 
He thought it was in his heart. It did not radiate to the neck or arm. The 
patient stated that he was very glad he had the operation done under loca! 
anesthesia, that the pain at no time was disturbing and was only momentary 
He said he would be willing to go through it again the next day if necessary. 

November 21, the patient had been feeling well all day until 4 p. m. when 
he developed slight pain down the left forearm. The pain lasted for one hour, 
and was just like attacks in the arm before operation. There was no sul 
sternal or precordial pain. There was slight numbness over the left angle of th: 
jaw, otherwise he was feeling all right. There was a slight bowel movement, a, 
cascara had been given. 

November 23, the patient was up, November 22, for three or four hours. H 
had slept well the previous night until 3 a.m. He awoke with pain in the regio 
of the apex of the heart, which extended all over the precordial region along 
the wound and up to the left temple region. He felt it in the left eye also, ani 
down the whole left arm, especially in left forearm flexor surface as far a 
wrist. The pain lasted for thirty minutes. He was given 59 grain of nitro 
glycerin hypodermically, with relief in ten minutes. The patient stated hi: 
evening meal was the ordinary diet. He felt no discomfort following, and sle; 
until 3 p. m., when he was awakened by a pain in the epigastrium (as far a 
the umbilicus) which extended up the sternum to the neck. It was unlike an) 
pain he had experienced during his previous anginal attacks. However, lh: 
stated there was an associated pain over the heart extending up to the neck and 
eye (left), to the wound and down the left arm and forearm, similar to th 
pervious anginal attack. The pain was quite severe, and he felt like vomitin: 
during the attack. The patient thinks this attack was due to indigestion. He ha: 
been given cascara and mineral oil the night before, and this was followed } 
some epigastric distress. In addition to this, he had a decided impression « 
fear, due to the fact that a week before an anginal patient had died after bein 
six hours in the ward in an attack, and the afternoon before, another heart 
patient came in, in a state of collapse, after being allowed to dress and tak: 
a short walk. The patient went to bed at once, saying he didn’t want anything 
like that to happen to him. These facts are recorded, together with a notation 
of digestive disturbance, for what value they may have in connection with the 
nervous origin of attack. 

November 24, at 6:35 p. m., the patient suddenly was seized with sharp pain 
about the sternum, also beneath the lower end of the body of the sternum, also 
pain over the heart, which did not radiate to the neck or shoulder, but was 
quite agonizing from the elbow down. The patient also complained of pain 
about the mastoid, a sensation similar to that of earache. This entire attack 
lasted only for five minutes after taking 2 drops of nitroglycerin. Profus« 
sweating of the lower extremities followed. The blood pressure was 128 systolic. 
90 diastolic (Tycos) during the attack. The patient described the attack as 
“light” compared to some he had had. The left pupil was contracted and the 
left upper lid drooped slightly. 

A three weeks’ leave of absence was given the patient as he had a marked 
suggestibility and it was quite impossible to evaluate his symptoms. 

December 19, the patient returned complaining of (1) a dull aching over a 
small spot in the center of the left shoulder toward the back; (2) pain at the 
angle of left side of jaw on beginning to chew, for three or four movements of 
the jaw. This began about December 1, and continued since. The patient did 
not notice anything but numbness at other times; (3) pain and tenderness over 
a small area over the left anterior occipital region about the level of top of ear; 
(4) on December 7, 8 and 16, he had pain around a small area over the heart 
apex, which worked hack under the shoulder blade instead of to the front as 
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merly. He took nitroglycerin once with relief. Again, on December 18, 
vhen returning to San Francisco, the patient, while carrying a bag, hurried, and 
ad another attack. Exertion had been a factor in each attack. 

December 22, the blood pressure was 118 systolic, 76 diastolic. 

December 24, at the eye examination it was found the right pupil was larger 
an the left, both reacted to light and in accommodation. The left eye slit was 
irrower than the right. The muscle movements of both eyes were good. 

December 26, on the night of December 23, at 7 p. m., the patient had pain 
1 the neighborhood of the left nipple over an area of 10 cm. across. He had a 
amp in the flexor surface (lower third) of the left forearm, which was relieved 

nitroglycerin. The cardiac pain did not radiate. The patient did nothing 
nusual except eat a hearty supper at 5 p. m. He was in bed when the pain 
egan. He was taking pyramidon 2% grains for pain below the left ear, anterior 

operation wound and extending up in front of ear. The ear pained only 
hen he began to eat. The neuralgic pain up behind the ear did not recur 
fter he took the two doses of pyramidon, grains 2%, at 8 a. m. and 5 p. m. 

December 27, at 7: 35 p. m., the blood pressure was 122 systolic, 86 diastolic. 
he patient stated he was suddenly seized with severe aching pains over the pre- 
rdium, also cramp-like pain in the left wrist, and extending about 5 inches 
12.7 cm.) up the left forearm. There was no radiation of pain to neck, shoulder, 

to mastoid process. There was no substernal pain. Nitroglycerin, Yoo grain. 
he attack lasted about three minutes. 

December 29, the patient had three attacks December 28. The first was while 
indering around town going up a hill; he had pain only in apex of the heart 
nd none in the arm; second one while walking, not hurrying; third one while 

hed at 7:30 p. m., two hours after eating. 

Jan. 2, 1924, the patient had no attacks. He complained of pain just in front 

the lobe of the left ear and below the angle of jaw. It was tender also te 
essure, and worse when he began to eat. At times he had it without eating. 

Case 7.—J. B., a man, aged 59, a farmer by occupation, was referred by Dr. 
. F. Johnson, Dec. 17, 1923, on the complaint of pain in the chest. Three or 

years ago, when walking one evening, he had occasional attacks of pain 
lich began in the shoulder and extended down through the front part of the 
ft arm to just below the wrist. He did not feel it in the neck or head. He 
lt it very slightly under the sternum at that time. For three years, the attacks 
mtinued like this, with the chief pain in the arm. They occurred only on 
xertion and from one to four times a month, and would pass off in a few 
iinutes when he rested. There was some dyspnea accompanying the attacks. 
lhe patient never had any symptoms on the right side. 

About one year ago, without any known cause, he began to have some severe 
‘in substernally, occurring more frequently and lasting longer, never radiating 

to the neck or back of head. 

On admission, he felt the pain first across the lower sternum below the 
nipples and extending out nearly to them, chiefly in the center below the 
sternum. The pain sometimes seemed to extend out beyond the nipples and 
sometimes a % inch (1.27 cm.) below them. He never felt it in the back except 
in the upper posterior part of the shoulder, and down the flexor surface of the 
arm to a point just below the wrist. Sometimes it came without any exertion. 
It seemed worse in cold weather. 

Examination—An obese Italian was seen whose blood pressure was 200 
systolic, 118 diastolic. 

Heart rhythm was normal, the rate 60. The first tone was not very plain 
anyhere, the second was much exaggerated and ringing over the aorta, but there 
were no murmurs. 

Lungs: There were no rales in the hase of the lungs. 

The upper teeth were on a plate. There were abscesses around the roots of 
the lower teeth. 

The tonsils were not unusual. 
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The pupils were equal and reacted to light. The background was not visible 
because of marked contraction. The knee jerks were equal. He had had 
nycturia for the last six or seven years. Roentgenogram disclosed a shoe- 
shaped heart, marked hypertrophy and dilatation and a broadened aorta. 

The Wassermann test was negative. 

Electrocardiogram: Marked left ventricular preponderance, negative T 
wave in Lead 1; vital capacity 3,100 or 83 per cent. 

The urine was negative. 

Operation under local anesthesia was done by Dr. Coffey, who removed th: 
left superior ganglion. The patient smoked daily after the operation, and was 
discharged in eight days. He had a mild attack of appendicitis in this interval 

Case 8—H. J. H., a man, aged 68, a purchasing agent, was seen Jan. 16 
1924, with an admission diagnosis of angina pectoris. 

Family History.—Negative. 

Past History—He denied having syphilis or any serious illnesses. 

Present Illness —The patient was told in 1910 that he had arteriosclerosis 
He complained of headaches, vertigo and pain in sides of neck toward the back 
This neck pain recurred in attacks for fully eight years before he began t 
have attacks of pain substernally, which radiated down the left arm. These attack 
lasted only for a moment and were relieved by spirits of nitroglycerin, fron 
one-half to 2 drops. The attacks were not very frequent, occurring about onc: 
a month, and according to the patient seemed to be brought on by worry only. 

Since 1920, the attacks lasted longer, from about four to five minutes, and 
came on after any exertion such as walking from iour to five blocks vigorously 

In 1922, the patient had pain in the base of the brain, and vertigo with th: 
anginal attacks. The attacks always began with pain under the sternum, 
radiating across the chest and down the outside of the arm, only very rarel 
down inside of arm, sometimes entering the shoulder. The pain always went to 
hack about to the level of the fifth dorsal in middle line. Occasionally, ther 
was a slight pain in the back of the neck, which was not very severe and had 
not the same acute character. The patient did not smoke, and very rarel) 
drank. Cold air did not provoke attacks. He might go for a few days without 
attacks, then have from one to four a day. For at least two months he has had 
two or more attacks a day, when he did have them. 

The Wassermann test was negative. 

The electrocardiagram showed slight ventrical preponderance. 

Vital capacity, 2,550 c.c., 68 per cent. 

Screen Examination—The heart was normal in outline, size and position 
The aorta was considerably thickened, and measured 8.5 cm. in the transvers« 
diameter, anteroposterior view. The heart measured 15 cm. in the longitudinal 
diameter and 12 cm. in the transverse diameter. 

Roentgenograms, taken at 2 meters, showed the diagonal diameter to have 
been 15 cm. and the transverse 12.5 cm. The transverse diameter of the aorta 
was 6 cm. The antero-oblique position showed a marked thickening of the 
descending aorta; this practically filled the posterior mediastinum. 

Conclusion —Chronic aortitis of the thoracic aorta. Urine, negative. 

During a week’s rest in bed, patient had no severe pain and only a few slight 
pains. 

January 23, notes made during operation, there was a systolic heart murmur 
with slight enlargement of the heart and broadening of the aorta. Local 
anesthetic was begun at 10:10 a.m. The patient was under considerable nervous 
tension, and in a cold sweat. At 10:35 he began having a slight anginal sul- 
sternal pain. At 10:40 the pulse was regular, 120. Blood pressure, 220 systolic, 
128 diastolic. One hour before operation the blood pressure was 178 systolic, 
116 diastolic. 
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At 10:41 as the anginal pain still continued 4%, grain nitroglycerin, 3 drops 
of a 1 per cent. solution was given on the tongue. The pain disappeared in three 
minutes. The blood pressure fell so that the systolic could not be taken, 
diastolic was about 110. 

11:10: After section of trunk and superior cardiac branch the blood pres- 
ure was 178 systolic, 100 diastolic. Pulse, 108. Contracted pupil. 

11:15: Blood pressure, 165 systolic, 88 diastolic. 

11:25: Pulse, 108. 

11:35: Blood pressure, 162 systolic, 90 diastolic. 

Pain in the middle of the left shoulder toward the back was felt when the 
ranches of the cervical plexus were touched. This (Dr. Coffey says) had 
othing to do with the sympathetic system. In this operation, the cervical plexus 
vas exposed for the first time. 

January 24, the patient felt fine. One extra systole was noted. The blood 
iressure was 190 systolic, 120 diastolic. He complained only of a few short 
ittacks of hiccough. His stomach was much upset January 23, and had not quite 
recovered. The breath was foul. 

January 25, the patient had four attacks of hiccough in the night. He had 

bowel movement the previous day. With the hiccough he had pain, each 
time he hiccoughed, from the midsternal region to the back. (Injury to phrenic 

pneumogastric?). Compound spirit of ether was prescribed. 

January 30, the patient had three attacks of hiccough on the nights of January 
5 and 26, two the next night, one the night after and none since. The blood 
ressure was 146 systolic, 88 diastolic. 

Feb. 1, 1924. After walking about 400 yards yesterday, the patient lay down 

r a while and had a number of visitors, and with no known exciting cause 
ad a moderately severe anginal attack at 6 p. m., quite like those he had already 
xperienced, upper substernal pain going through to back between shoulders 
nd slightly down the left arm. He took no medicine. The pain lasted for ten 
minutes and was not bad enough to cause him to think of medicine. The blood 
ressure was 172 systolic, 86 diastolic. 

February 2, he had no subsequent attacks. His weight was 139% pounds 
3 kg.) before operation, in wrapper, 152 pounds (68.9 kg.) dressed. His 
ngue was clean. 

February 22, Dr. Harry Weil reported the blood pressure was 129 systolic, 
S8 diastolic. The patient has had no attack of pain. He walked a block or 
two at a time and ate carefully. His feet became cold, but not more so than 
efore. He had some swelling in the site of operation. The ear and shaved 
part of the face were numb. The left eye was inflamed, the lid drooped slightly, 
the left pupil was smaller than the right, though both reacted promptly to light 
very time he chewed on the left side, there was a single sharp severe pain 
ielt in the molars in the upper left jaw. The second bite was free from pain. He 
might get it without chewing, and thought it might be caused by his teeth. But 

the regions in front of and behind the lobe of left ear and in the shoulder point 
were tender where Cases 1, 3 and 6 were tender. When seen May 15, he reported 
no further attacks. Exercises moderately. 
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CASES IN WHICH OUR METHOD WAS USED BY OTHERS 


Case 9—W. H., reported previously,? was the first patient operated on 
under local anesthesia, and the extent of the operation was severing the superior 
cardiac nerve and the main trunk of the left cervical sympathetic below the 
superior ganglion. 

Following the operation in the early spring of 1922, the patient returned to 
his work as a bridge carpenter and continued well until November, 1923, when 
he was transferred to a job in the mountains at an elevation of 5,900 feet. He 
caught a severe cold, and in a few days developed a severe and sudden pain 
over the heart apex and in the upper left central epigastrium just under the 
ribs. The pain radiated to the left shoulder and elbow but not to the neck, nor 
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was it substernal in this attack. The attack was mild, but the pain continued 
for nine days with four or five intermissions a day. He was short of breath 
and had a disturbing cough, and night sweats on three occasions in the next 
ten days before entering the hospital. The pain differed from previous pain 
in not appearing in the neck, and in being especially severe in the region of 
the heart apex and in extending straight through into the back. 

Examination revealed his heart was fibrillating. Blood pressure was 90 
systolic, 70 diastolic. Wrist pulse, 144. There were rales in both apexes (activa- 
tion of old tuberculosis). On digitalis, quinidin and strychnin the fibrillation 
ceased on the tenth day after entering the hospital. In this period, the patient 
had repeated attacks of angina always with the same distribution of the pain 
The heart was found to be fibrillating in all the attacks that followed in the next 
five weeks, although the fibrillation was paroxysmal and of short duration 
Fibrillation was not always present in attacks of pain. The patient remained 
continuously on doses of 2 grains of quinidin and 449 grain of strychnin three 
times daily. For the last ten days of his stay in the hospital, he complained of 
a severe burning feeling in the region of the heart apex. These were relieved 
promptly by nitroglycerin. The electrocardiogram showed the inverted T iy 
Lead III, which was not present when the patient was first operated on i: 
January, 1922. 

Consideration was given to the operation on this patient suggested hy 
Daniélopolu and Hristide “ and a complete study was made of the extent of the 
surgery necessary in this case and in Case 6. These authors suggest suppress- 
ing the principal sensory paths of the heart and aorta through resection of the 
posterior roots of the eighth cervical to the fourth dorsal. They report their 
researches on cardiac sensibility and the possibility of ameliorating angina hy 
resection of the posterior fibers of the spinal nerves, beginning the article by th 
statement that “we know positively that the radiation of the anginal pain is 
due to irritation of the centripetal paths, which contain both the sensory cardiac 
fibers and those to the cutaneous areas corresponding.” They then raised the 
question of whether the painful syndrome in angina is visceral and cutaneous, or 
only cutaneous, as claimed by Mackenzie, thus marking the referred pains in the 
arm and neck as reflex in the cerebrospinal fibers of the medullary segments 
corresponding to the area of the heart or vessels affected. Other authors ar: 
of the opinion that the pain is provoked by a visceral disease, and is felt at 
the same time in the viscera and in the corresponding cutaneous area. Th: 
researches of Daniélopolu and Hristide favor the hypothesis of Mackenzic 
that the pain is transmitted, that other sensations, palpitation, etc., are felt 
directly in the viscera. 

Their observations were made on a syphilitic patient, aged 41, with aortic 
insufficiency and angina, which began July, 1918, following an emotional dis- 
turbance, when he had hard pain for a few moments. Attacks occurred rarely 
at first but later more frequently. Eight months after the first attack, one 
occurred at night, and following this, from ten to twenty a day occurred follow- 
ing the least effort or emotion. The pain was controlled with nitrite of amyl. 
Any food would produce it and the attacks came many times at night. The pain 
was retrosternal, and occurred also in the anterior surface of the left half of 
the thorax, radiating down the arm to the elbow. The arm pains were relieved 
somewhat by friction on the skin of the arm provoking strong irritation. The 
heart rhythm was regular, the rate from 74 to 94. There was some dilation of 
the right heart. The Wassermann test was positive. There was nothing special 
in the urine. 

Anesthesia of the left dorsal spinal nerves in the intercostal tract and of the 
ramicommunicantes was done with 8 cg. of procain. The second and third 
dorsal branches were anestethized, because minute study led them to localize 





13. Daniélopolu, D., and Hristide: Bull. et mém. Soc. méd. d. hop. de Par. 
47:69 (Jan. 25) 1923. 
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he pain in the cutaneous areas supplied by these branches. Half an hour after, 
the patient was put through numerous tests, with a ten minute rest between, and 
Ithough the heart rate mounted from 84 to 140 and the patient suffered from 
vreat shortness of breath and palpitation, there was no pain. The same efforts 
were repeated at the end of six hours when the effect of the procain had partly 
passed off. Characteristic pain followed, but nothing so severe as before the 
nesthesia, and after twenty-four hours, the least effort provoked a violent attack 
f pain. The authors drew the deductions as a result: (1) that anginal pain is 
xclusively a transmitted pain; and is conveyed to the cutaneous areas of the 
ame medullary segments that supply the heart and aorta, and (2) that all 
he sensory manifestations coming from the heart are not transmitted. In spite 
f the anesthesia of the corresponding spinal nerves, the patient was conscious 
i palpitations. If we except the anguish which appears to be due in part to 
ihe contraction of the pectoral and intercostal muscles, the other sensory mani- 
estations of the heart, such as palpitation, sensations of extra systoles and those 
rovoked by the onset of an attack of paroxysmal] tachycardia, all have their 
rigin in the affected viscera. 

The authors claim for their method that they rob anginal attacks of the 
ain by suppressing the sensibility of the spinal nerves. These authors draw 
he further deduction that the Jonnesco operation, proposed by Frangois Franck, 

extirpation of the cervical-thoracic sympathetic system and successfully 
irried out twice by Jonnesco, the second time bilaterally, is inadmissible 
ecause it takes away from the heart nearly all of the extracardiac motor fibers 
xcept the sympathetic fibers of the vagus, and lessens the muscular function 
f the heart already diseased by angina. They claim further that this constitutes 
predisposition to a systole of the left heart, contributing to pulmonary edema, 

grave complication, which they state is frequently met with in angina with 
lypertension; and still further that this extirpation of the vasomotor fibers of 

e sympathetic system of the coronary arteries, which are probably vaso- 
ilators, diminishes coronary flow already jeopardized in angina. They claim 
iat the resection of the posterior roots of the eighth cervical, first, second, 
ird and fourth dorsal nerves, is a much less serious operation and does not 
uch the motor nerves of the heart. They admit the criticism that their opera- 
tion does not suppress all of the centripetal paths in the cervical sympathetic 
ord, and state that if it is necessary they can be cut, but not resected. Finally 
they claim that the Jonnesco operation does not completely suppress all the 
ardio-aortic sensory tracts because the vagus is left intact. 

In one case which they report, which came to operation, they cut only the 
econd dorsal nerve, because the patient had a violent anginal. attack during the 
operation. 

Further communications are promised after prolonged observation of inter- 
esting phenomena, following their incomplete operation. 

There seemed too much uncertainty about this operation and it is anything 
but simple. Besides, as Ranson points out, all the spinal connections would have 
to be cut very certainly, and possibly on both sides to insure freedom from pain. 

From November, 1923, to the time this paper was written, the patient had spent 
most of the time in the hospital, under observation. For nearly two months he 
was in bed. Two grains quinidin and 14 strychnin had influence in preventing 
his heart from fibrillating. A curious thing was made very evident on numerous 
occasions, and that was that his anginal attacks were followed immediately by 
fibrillation. 

In addition to symptoms already described, he had attacks of apparent pain 
in the apex, which he felt as a drawing pain under the angle of the scapula on 
that same side. Occasionally these attacks were so severe that it took three 
doses of Yoo grain of nitroglycerin to relieve them. On one occasion the attack 
lasted one-half hour without any relief. In the two months in bed before the 
second operation in March, 1924, he had twelve attacks. 

The second operation was done under local anesthesia, and the superior 
ganglion was removed, and from that time to April 26, he had no attacks what- 
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ever although he was up and about all the time and took a moderate amount 
of exercise. Since the operation, however, he had a cough and some difficulty 
in swallowing. He did not swallow at all for twenty-four hours after the opera- 
tion, and for a week thereafter he had a little trouble with swallowing liquids. 
He had tenderness in the back part of the left shoulder which disappeared in 
a few days. There was a slight pain in the angle of the left jaw when he began 
to eat at meals. Fibrillation occurred on several occasions since the operation, 
once lasting for three hours, but without pain. After the second operation, ther 
was a roaring in the left ear and apparent deafness. The Rennie test was posi 
tive in the leit ear. Bone conduction was normal. There was no disturbance 
of equilibrium. The throat specialist stated that the pain he complained of in 
the larynx after the removal of the stitches in the neck, was associated with a 
vesicular eruption on the larynx looking like herpes. This did not come for tet 
days after the operation. 

Case 10 (Personal communication from Dr. Howard Naffsinger).—P. L., 
a man, aged 63, whose occupation was gardener and farmer. The diagnosis 
on entrance was angina pectoris and diabetes. 

Past History—Patient lived in France from birth until aged 7 years, New 
York and vicinity from age of 27 to 45, California from age of 45 to 63. He 
had measles at 24, a mild attack with no sequelae. He had a mild attack ot 
influenza at 30. He denies venereal history. 

Present Illness—Twenty years ago the patient began having attacks of pre- 
cordial pain. These came after exertion and especially followed exercise afte: 
meals. At first they would be from one to six months apart, but gradually) 
became more frequent. For a period of six months they came on at the slightest 
exertion, so he had to stop work entirely for a period. The attacks lasted from 
three to fifteen minutes. He had to stop whatever he was doing. The pain was 
located just to the left of the lower part of the sternum, and he felt as though 
he were being torn apart. When the attack was severe, the patient did not 
fear death, but did feel a sense of impending death. In recent years, a feel 
ing of numbness extended from the anterior part of the shoulder down the left 
arm to the wrist accompanying the attacks. Nitroglycerin, prescribed in the 
outpatient department, helped to cure the attacks. There were no symptoms oi 
diabetes, but the urine was found to contain sugar, 2 plus. The blood chemistry 
sugar was 165. The patient was put on a diet, and the blood and urine became 
negative for sugar. 

Examination.—Irregular pulse. There was deep tenderness on the left side 
of the neck and shoulder. The chest was emphysematous and barrel shaped. 
There was an area of tenderness to percussion in the fourth left interspace just 
within the nipple line. The lungs were essentially normal except for hypo- 
static rales at both apexes. The heart was of normal size, and the sounds were 
of good quality. The second auricular was greater than the second pulmonic 
\ soft systolic murmur was heard at the apex only. Blood pressure varied 
from 205 systolic, 88 diastolic, to 160 systolic, 60 diastolic. There were pal- 
pable epitrochleas in both arms. The reflexes were all normal. 

Laboratory Examination.—Electrocardiogram showed the left axis deviation 
of plus 20, inverted T2 and T3. Auriculoventricular interval was at four 
twenty-fifths of a second. The urine and the blood were both normal. The 
Wassermann test was negative. 

Course in Hospital—The patient had attacks of pain after walking from one 
to three times the length of the ward. On January 11, under local anesthesia, 
Dr. Naffsinger removed the superior cervical ganglion on the left. At one 
time during the operation the patient felt pain under the left clavicle similar 
to the pain he had been having, but not so severe. 

Postoperative Course—The day after operation, the blood pressure varied 
from 124 systolic, 90 diastolic to 164 systolic, 60 diastolic. There was endo- 
phthalmitis with a small pupil that reacted to light on the left. There was no 
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hyperesthesia or pain. The patient was able to walk the length of the ward 
twenty times without pain. He continued to be in good condition and unaffected 
hy exercise. However, on the third day postoperatively, the patient developed 
« dull epigastric and substernal pain, not definitely related to exercise, not so 
severe as the previous pain and with no sensation of tearing or pulling. 

January 17, the patient was discharged. His condition was much improved. 
(he heart findings were similar to those on entry except that there was no 
systolic murmur and the blood pressure was 175 systolic, 80 diastolic. 

The diagnosis was generalized arteriosclerosis with chronic interstitial myo- 
carditis and angina pectoris. 

On January 25, the following note was made in the outpatient record: The 
lay after operation the patient was able to walk a considerable distance without 
pain. He could then walk about ten blocks at an ordinary gait without symp- 
toms. He might then get a gripping sensation referred to the heart region, 
which is different from the former heart pain. There was no dyspnea. The 
lood pressure was 200 systolic, 98 diastolic. 

February 8, the patient had been at work since the last visit, tending chick- 
ens, pruning vines, etc. He did not work all day, but as much as he could. He 
had been feeling well until the last three days, since then he noticed some 
pounding of the heart and described a somewhat painful sensation over it. His 
pulse in the morning showed several extra systoles a minute, and from his 
lescription it was evidently the occurrence of these that he felt. Blood pressure 
was 196 systolic, 100 diastolic, with the first beat after the extra systoles were 
ver 200. 


REVIEW OF CASES REPORTED BY OTHERS, AFTER LEFT CERVICAL SYMPATHECTOMY 


Case 11.—Dr. M. A. Mortensen, of Battle Creek Sanatorium, Michigan, wrote 
is of a patient on whom he performed a left cervical sympathectomy. Unfortu- 
nately about two weeks afterward the patient died, but not of angina. The fact 
that the patient was a morphin fiend is set down as contributing to the death 

“It is, however, an interesting point to me that after the sympathectomy he 
did not have the typical angina pains. He had pains in the left shoulder which 
extended as low as the clavicle and which were due to the surgical trauma. 
Relief of the pain by the use of nitroglycerin failed entirely, and the patient 
stated that this was not the same pain he had formerly had. Furthermore, he 
topped taking nitroglycerin after the second day, while before the operation 
he was taking it from thirty to forty times in the twenty-four hours, in doses 
of one-fiftieth to one-hundredth grain.” 

Case 12.—Dr. Alexander Lambert, the correspondent, gave the following facts 
in regard to a patient operated on by Adrian Lambert in the fall of 1923. The 
patient was a woman, age not stated. 

“An extremely poor subject for surgery, because she was so nervous, over- 
wrought and physically exhausted and very nearly at the end of her rope, after 
two years of practically a status anginosis. 

“The left superior ganglion was removed. 

“She had a stormy month’s convalescence, in which the irritation of the spinal 
accessory caused a terribly painful spasm in the trapezius muscles. Also taking 
out the superior sympathetic ganglion made a very painful set of reflexes along 
the ear and side of the neck.” 

The final result, however, “was to relieve entirely the pain on exertion and 
to enable the patient to go upstairs comfortably like an ordinary person, which 
she had not done for two years; to be able to sleep on either side, a new experi- 
ence for her; and the cessation of intense pounding in her heart and rapidity of 
action on slight exertion.” 

Dr. H. M. Marvin of the Yale Medical School, in a personal communication, 
reports the following two cases with a very definite contribution to the blood 
pressure studies during operation. His two patients were operated on by 
Dr. S. C. Harvey. 
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Case 13.—The patient was a married Englishwoman, aged 54, who had been 
the subject of a few attacks of angina, classical in character, location and 
radiation, several years previously. They were followed by a period of freedom 
from pain, which was abruptly terminated by a seizure interpreted by us as duc 
to coronary closure; intense substernal pain lasting for three days, relieved only 
partially by large doses of morphin and followed by intense weakness and 
dyspnea. Within the ensuing five weeks, even at rest in bed, she had four severe 
anginal attacks; shortly after the fourth, she came to the hospital. 

Her past history was negative, except for typhoid fever and pneumonia in 
early adult life. She had scarlet fever in childhood, and frequent sore throats 
until a few years ago. 

Family History —The patient's first husband died of pulmonary tuberculosis. 
By him she had one miscarriage at six months, followed by a normal child who 
still lives. She had no children by her second husband. Of three sisters, two ar: 
said to have died of heart trouble. 

Physical Examination—Entirely negative except for evidences of heart 
failure; extreme dyspnea, orthopnea and weakness. The heart was not enlarged, 
the rhythm was regular, the sounds somewhat faint and no murmurs. The lungs 
were clear. The abdomen was normal. There was no edema of the extremities. 
Electrocardiogram was normal. Six-foot plate of the heart showed normal 
outline and no enlargement. Urine, blood and stools showed no abnormalities 
Vital capacity was 42 per cent. of normal. 

The operation of the left cervical sympathectomy was performed by Dr 
Harvey, who evulsed the superior ganglion. The operation was on April 18 
and since April 22 the patient suffered severely with pain and extreme hyper- 
esthesia over the left side of the face, scalp, neck, shoulder, mammary and 
scapular areas, and frequently extending down the arm and forearm into the 
hand. Her symptoms resembled closely those attributed by Sluder to disturbance 
of the sphenopalatine ganglion. In the six months since the pain disappeared, it 
has been constant with the exception of three days, when it completely dis- 
appeared, only to recur as before at the end of that time. 

It is interesting to note also that, although the operation relieved her com- 
pletely of the precordial pain, it did not apparently stop the attacks. Four times 
since the operation, she has had attacks characterized by profound weakness, 
generalized sweating, fear of impending death, and a “queer, all-gone feeling” 
in the chest, symptoms which previously accompanied the anginal seizures; but 
there has been no actual pain with these later ones. 

Our impression was that the patient had coronary closure six weeks prior 
to admission, in addition to typical angina. Operation was performed on April 
18, 1923. The anesthesia was 0.5 per cent. solution of procain: The cervical 
sympathetic was severed (left side), and the superior ganglion extirpated. 

During the year that elapsed, the patient was in almost constant misery. 
With the exception of a few days when in the hospital, she had increasing pain 
involving the left half of face, scalp, neck, shoulder, left breast, and part of left 
upper arm. Within the last few months, signs of congestive heart failure 
(cyanosis, edema, etc.) have begun to appear. She has been many times under 
observation; the typical angina seizures, similar in all respects to those before 
operation, have been noted. There were typical eye and pupillary changes follow- 
ing the operation. 

Case 14.—A man, aged 48, an Italian, had syphilitic aortitis, aorta insufficiency, 
and anginal attacks provoked by any moderate exertion or excitement. He had 
heen having attacks for four years, which were growing worse within the last 
six months. The symptoms were always aggravated by antisyphilitic therapy. 
There were no signs or symptoms ‘of congestive heart failure; the heart was 
not enlarged to physical examination or as shown in a six-foot roentgen-ray 
plate. 

The operation was similar to that in Case 13, hut with the addition of some 
gas-oxygen several times during the procedure, as the local anesthesia was not 
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entirely effective in abolishing pain. The left cervical sympathetic fibers were 
resected, with evulsion of the superior ganglion. Pain in the left side of the 
face and neck appeared on the fourth day, but disappeared within about ten 
lays. The course of the patient was followed for eight weeks, during which 
time he had no recurrence of the chest pain, and found that he could do what- 
ever he wished in the way of exertion. He considered himself cured, and 
returned to Italy, whence we have been unable to trace him. 

The blood pressure did not show any significant change either during or 
ifter the operation. I took the pressures every two minutes throughout the 
peration, and three times a day for a week afterward. In both cases, it was 
i little higher at the conclusion of the procedure than at the beginning, but not 
is much as 10 mm. 

Electrodiograms were also taken throughout the operation at intervals of 
several minutes, and at the moment of cutting the nerves and evulsing the 
zanglions. The T waves were upright in all leads of both patients, and no 
changes of any sort were found. Tracings taken several weeks later remained 
inchanged. 

Case 15.—Holmes “ reported before the Chicago Society of Internal Medi- 
ine, Feb. 25, 1924, a case of angina successfully operated on by Dr. Wm. 
Shackleton. 

The patient was a woman, aged 53, white, who was admitted to Wesley 
Memorial Hospital on Jan. 29, 1923, for treatment of cardiac failure. For about 
ule year prior to the appearance of edema, dyspnea, and other signs of decom- 
ensation, she had vague pains in the precordium and left arm. During the 
‘irst part of her hospital residence she did not complain of pain. The first 
ttack of typical angina followed the effort of getting into a wheel chair. There- 
iter, pain recurred with increasing frequency and severity until the slightest 
xertion was sufficient to bring it on. Nitroglycerin and amyl nitrite gave 
Imost immediate relief but the subsequent prostration was extreme. On July 
i2, 1923, the superior cervical sympathetic ganglion was removed by Dr. Wm. E. 
Shackleton and saved for histologic study. The patient was discharged from 
the hospital Aug. 6, 1923, and soon thereafter was earning her living as a nurse 
n charge of two small children. At no time following the operation did she 
xperience pain either in the thorax or in the left arm. Just a few days before 
the Christmas holidays she started on an automobile trip to Atlanta, Ga. 
‘n route she became ill and was admitted to the Nashville General Hospital. A 
letter from the hospital, dated Dec. 29, 1923, stated that she complained of severe 
abdominal pain, nausea, vomiting and of precordial pain just before her admis- 
sion. The temperature, pulse, respiration, blood pressure, etc., were reported 
to be about normal. She recovered from this undiagnosed illness, and we 
understand she was discharged from the hospital, but her subsequent history is 
unknown. During the six and one-half months she remained under our observa- 
tion, she did not have a single recurrence either of thoracic or brachial pain. 

Holmes had the advantage of the stimulating and helpful interest of Ranson,” 
to whom we owe a grateful acknowledgment of his similar help to us. Ranson 
made it clear to us that no sensory fibers from the heart were to be found above 
the middle cervical ganglion, and the relaying of pain could only be stopped by 
the removal of the lower cervical and first thoracic ganglions. The studies of 
Holmes and Ranson are valuable contributions to the understanding of angina, 
but we are at a loss to explain the burning sensation in the base of the brain of 
one case, when the superior cervical ganglion was stimulated by a weak gal- 
vanic current during operation, and after the superior cardiac nerve and the main 
trunk had been severed. Holmes quotes Langley as finding no evidence of 
14. W. H. Holmes of the Department of Medicine, Northwestern University, 
Chicago. 

15. S. W. Ranson of the Department of Anatomy of the Northwestern Uni- 
versity, Chicagog. 
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sensory pathways in the cervical sympathetic trunk by trial of electrical stimu- 
lation. With this point still not clear, we are left with the fact that the main 
recognized pathways of referred pain in angina were not touched, and yet the 
attacks are stopped by an operation which cuts two nerves, the superior cardiac 
and the main trunk between the superior and middle ganglions. 

Bacon “ reported a particularly severe case. 

Case 16.—G. J., a man, aged 78, was a moderate drinker and a very hard 
worker. Three years ago, while climbing a hill, he was suddenly seized with 
a heavy feeling in the chest, over the precordium, which quickly disappeared on 
resting. Since then, similar attacks have followed exertion, with increasing 
frequency, and in March, 1923, they began to awaken him from sleep and became 
more frequent and severe at night. By April, severe attacks followed any 
excitement or exertion, such as coughing, eating or defecation; besides these, 
apparently spontaneous ones became very frequent. Rest and medical treatment 
gave only brief relief. His appetite disappeared, and vomiting frequently 
followed an attack. With increasing frequency and severity of attacks, Moo 
grain tablets of nitroglycerin were given under the tongue every half hour as a 
preventive, but without success. Slight temporary improvement followed the use 
of spirit of glyceryl trinitrate. June 13, after weeks in bed, the patient was 
receiving the equivalent of 490 grain of nitroglycerin under his tongue, by a 
trained nurse, every fifteen minutes night and day, whether sleeping or waking, 
from fifteen to twenty-five pearls of amyl nitrite during the twenty-four hours ; 
2 grains of sodium nitrite and % grain of morphin every three hours. In spite 
of this heroic dosage, he suffered eight severe attacks in six hours, during which 
the family thought the patient was dying and had the last sacraments of the 
church administered. 

June 14, after the patient had passed a night of terrific suffering, under 1 per 
cent. procain local anesthesia, the left superior cervical ganglion was removed 
in toto. 

August 14, two months after the operation, the patient was very cheerful and 
contented. His appetite was good and he slept well, he could also walk a mile 
a day without discomfort. He was not so short of breath as formerly. His 
greatest difficulty came during and after eating, when he had a feeling of 
pressure around the heart. 

November 12, five months after operation, the patient reported that he was 
in better health than he had been during the last two years. He had gained 26 
pounds (12 kg.), and his waist measure had increased 4 inches (10 cm.) in 
circumference. He frequently slept six hours at a stretch, and ate everything. 
Overeating, however, was followed by a feeling of fulness and pressure on the 
level of the sixth rib at its cartilage articulation on the right side. He had not 
experienced any pain in the heart region, but had an aching pain in both arms 
and hands when they were cold or he was cold, and when he became excited. 


SUMMARY 


Cutting the left superior cardiac branch of the cervical sympathetic 
and the main trunk below the ganglion has relieved the main condition 
in anginal attacks, and apparently the one from which the patients die 
in attacks. In a few cases, referred pains are not entirely relieved. 

Jonnesco’s original operation of removing all of the left cervical 
sympathetic tract and its three ganglions, and the first dorsal ganglion, 
has accomplished no more than this, for in Kappis’* case the character- 


16. Bacon, J. H.: Left Superior Cervical Sympathectomy Under Local Anes- 
thesia in Angina Pectoris, J. A. M. A. 81:211 (Dec. 22) 1923. 
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istic attacks of angina recurred after four months. Jonnesco called 
ttention in his original article to the need of bilateral removal, and it 
s possible in our own cases with incomplete relief of all symptoms that 
a bilateral operation would have brought complete relief. Jonnesco’s 
patient declined the right sided operation because he was relieved with- 
ut it. With our all too slight knowledge of the pathways from brain 
ind cord to heart and their complete function, it is not right to condemn 
ithe procedure because of its failure in a small number of cases, at least 
ntil the similar operation has been done on both sides. 

It seems clear to us that our operation removes the main cause of 

ugina. This is based on the supposition (1) that angina is due 
primarily to spasm of the aorta but it may be also of the coronaries, 
for they are supplied by the same nerve systems of the sympathetic. 
lhe spasm is most commonly in the aorta but it may occur alone in the 
‘oronaries ; (2) that the superior cardiac nerve has a constrictor action, 
and cutting it prevents the spasm. Our right sided case shows that it is 
possible that the bilateral operation is necessary in some cases, for in 
that case an unusually severe attack produced pain also in the left side 
f the neck and left arm, and frequently in cases with mainly left sided 
radiations an unusually severe attack will cause right sided radiations ; 
3) Case 3, Series 1,* reported again as Case 9 in this series, after 
removal of the left superior ganglion one and one-half years after 
severing of the superior cardiac nerve and main trunk of the sympa- 
thetic below the ganglion, shows that heart pain distinguished from 
substernal pain which we are attributing to aorta spasm, is in some 
way influenced by this upper ganglion. From twelve attacks during 
the three weeks in bed before the second operation he has had none 
in the four weeks since although up and about. It may be through 
vagus connections, and herein lies what possibilities there are in the 
\\Venckebach-Eppinger-Hofer theory, that there is a separate depressor 
nerve, which when cut relieves angina. The superior laryngeal and the 
vagus which are said to give rise to this depressor nerve in man as they 
do in some animals, both have connecting branches to the superior 
ganglion. 

It would seem that our operation removes the cause of the anginal 
attack, and that the more elaborate operation of Jonnesco removes the 
cause and also removes other motor and sensory pathways. 

The operation may have to be bilateral to relieve completely all pain. 

Only in event of further investigation can the limits be defined. In 
the meantime sixteen more cases of relief by removal of the superior 
ganglion are herewith reported, including our own, with two deaths, 
and fourteen with relief of the main symptoms. 











THE REACTION OF THE LIVER TO PHENOL- 
TETRACHLORPHTHALEIN IN EARLY 
OBSTRUCTIVE JAUNDICE * 


WILLIAM BLOOM, M.D. 


AND 
WILLIAM H. ROSENAU, M.D. 
CHICAGO 


Attempts to measure the functional powers of the liver by various 
tests have occupied a rather prominent position in recent medical litera 
ture. The phenoltetrachlorphthalein test during the last few years h: 
given promise of being the most valuable of the various methods pr 
posed. Abel and Rowntree,’ in 1909, discovered that, except for trac 
which appeared in the urine, this dye was apparently eliminated on), 
by the liver after subcutaneous or intravenous injection of th 
disodium salt. They also found that the substance was nontoxic t 
dogs, even when injected daily for several months in very large doses 
They noticed, moreover, that subcutaneous injections of the dye ha’! 
a prolonged laxative action. Several years later Rowntree, Hurwitz 
and Bloomfield? Whipple, Mason and Peightal,* and Whipple, Peight:! 
and Clark * undertook clinical and experimental investigations on th« 
elimination of this dye by the liver and its applicability as a clinica! 
test for liver function. Their method consisted in the intravenous 
injection of the disodium salt, and subsequent collection of the fece: 
for the next forty-eight hours which were examined for their dye con 
tent. They found that approximately from 50 to 60 per cent. of th: 
unchanged dye was excreted by the liver; and in agreement with the 
work of Abel and Rowntree that the first portion of. the dye to lx 
excreted was in a conjugated form. They also observed that a trace 01 
the dye, especially when large doses were given, appeared in the urin: 
in a conjugated and also in a free form. They, felt, however, that the 
test was not easily applicable because of uncertainties in the collection 
of the feces, and also because in cases in which there was obstruction 


* From the Snydacker Fund and the Otto Baer Fund for Clinical Research 
of the Michael Reese Hospital and the Nelson Morris Memorial Institute for 
Medical Research. 

1. Abel, J. J., and Rowntree, L. G.: J. Pharmacol. & Exper. Therap 
1:231, 1909. 

2. Rowntree, L. G.; Hurwitz, H., and Bloomfield, A. L.: Bull. Johns 
Hopkins Hosp. 24:327, 1913. 

3. Whipple, G. H.; Mason, V. R., and Peightal, T. C.: Bull. Johns Hopkins 
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to the outflow of bile the dye could not be recovered from the feces. 
\lcNeil® modified the test by recovering the duodenal contents by 
means of the Einhorn tube after injection of the dye. He concluded 
from his studies that the amount of dye eliminated was of little value, 
but that its appearance time was delayed in certain pathologic changes 

the liver. Kahn ® utilized the Lyon-Meltzer method of securing a 
flow of bile after intravenous injection of the dye. In 1922, Rosenthal? 
till further modified the test. His procedure was to inject the dye 
ntravenously in a dosage of 5 mg. of the disodium salt per kilogram 
‘| body weight, and then to examine specimens of blood serum taken 

various intervals after the injection for their dye content. He 

served that in normal animals the dye almost entirely or entirely 
isappeared from the blood stream within one hour. On removal of 
irts of the liver or on injuring that organ by poisons, such as chloro- 
rm, he found that various amounts of the dye were retained in the 
lood stream for more than one hour after injection. He extended 
is observations to human beings, and reported that in many diseased 
mditions in the liver there was a retention of the dye in the blood 
tream. Moreover, he found no retention of the dye in the blood 
tream of dogs when injected shortly after ligation of the common duct. 
(ittenberg and Rosen * found complete retention of the dye in three of 
our patients who had complete biliary obstruction of long duration. 

The experiments reported in this paper were undertaken with the 
iew to determine the fate of phenoltetrachlorphthalein after intravenous 
injection, immediately after ligation of the common and cystic ducts 
and to correlate these findings with the results of the Van den Bergh ° 
test. The cystic duct was to be tied to prevent excretion of the dye 
into the gallbladder by the liver. 

We found it necessary to modify slightly Rosenthal’s '® technic. 
He injected 5 mg. of the disodium salt per kilogram of body weight and 
then took samples of the blood serum fifteen and sixty minutes after 
injection of the dye, and on the addition of 3 drops of 5 per cent. 
sodium hydroxid to 1 c.c. of the dye containing serum he was able to 


5. McNeil, H. L.: J. Lab. & Clin. Med. 1:822, 1915. 

6. Kahn, Max: Phenoltetrachlorphthalein Estimation in the Duodenal 
Contents, J. A. M. A. 77:41 (July 22) 1921. : 

7. Rosenthal, S. M.: J. Pharmacol. & Exper. Therap. 19:385 (June) 1922; 
A New Method of Testing Liver Function with Phenoltetrachlorphthalein, 
J. A. M. A. 79:2151 (Dec. 23) 1922; Bull. Johns Hopkins Hosp. 33:432 
(Dec.) 1922. 

8. Ottenberg, Reuben; and Rosen, Samuel: Possible Application of Phenol- 
tetrachlorphthalein Test to Obstructing Jaundice, J. A. M. A. 80:1519 (May 26) 
1923. 

9. Van den Bergh, A. A. H.: Presse méd. 29:441 (June 4) 1921. 

10. Rosenthal, S. M.: Proc. Soc. Exper. Biol. & Med. 21:73, 1923. 
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read his test specimen against standard solutions of the dye of various 
strengths. We found this method very difficult, and capable of giving 
quite variable readings with various portions of the same specimen 
because of hemolysis, bilirubinemia or lipemia. We observed that the 
addition of one volume of acetone to one of the test serum precipitates 
the proteins sufficiently to leave on centrifugalization a water-clear 
supernatant fluid. The addition of 3 drops of 5 per cent. sodium 
hydroxid to this fluid shows the minutest traces of the dye, amounts 
of the dye which were usually not demonstrable by the Rosenthal method 
in our hands. The white precipitate does not change color on the addi- 
tion of 5 per cent. sodium hydroxid. This method is, moreover, much 
more accurate with respect to the actual colorimetric readings in al! 
concentrations of the dye because of the absence of opalescence in th 
test specimen. A permanent standard for reading the values of the 
dve in acetone treated serum was made up according to the Rosenthal 
method, using distilled water alone as the diluent, except that, for eac! 
reading, the standard solution was made twice as strong and then dilut: 
with an equal volume of acetone so as to give a color comparable to tha 
of the test serum. After a month the acetone standard began to fac 
slightly. 

It is to be noted that there is some confusion in the literature wit! 
respect to the use of the words plasma and serum. In some reports 
the term plasma is used when the protocols show clearly that serum 
and not plasma was actually meant. 

In all of our experiments a preparation of the disodium salt oi 
phenoltetrachlorphthalein was injected in an equal volume of physiologi 
sodium chlorid solution. 

RESULTS 

As a control experiment it was thought advisable to remove the liver 
entirely from the circulation in dogs, to inject phenoltetrachlorphthalein 
intravenously and to observe the blood stream for its content of the 
dye at various periods. The results of these experiments are tabulated 
in Table 1. A typical protocol (Dog 4, Table 1) is given of these 
experiments. It was thought advisable, moreover, to remove the kid- 
neys, as it has been shown that when an excessive amount of the dye 
was injected the kidneys excreted a portion of the excess. 


PROTOCOLS OF EXPERIMENTS 


Exper. 1—Dog 4 (Table 1), female, mongrel, weight, 17 kg., under anes- 
thesia of 1 grain of morphin, the right carotid artery was cannulated and a 
specimen of blood removed. The abdomen was incised in the midline. Ether 
anesthesia was then begun. The portal vein and hepatic artery were tied off; 
the liver was dissected from the inferior vena cava and the hepatic vein; these 











BLOOM-ROSEN AU—OBSTRUCTIVE JAUNDICE 449 


vessels were ligated and the liver extirpated. Ether was discontinued. One 
hundred milligrams of the dye was injected intravenously. Specimens of blood 
taken from the carotid artery at the end of fifteen minutes, and from the left 
side of the heart at the end of one hour contained more dye than could be read 
n the colorimeter. 


From Table 1 it may be seen that after intravenous injection of 
phenoltetrachlorphthalein after previous extirpation of the liver and 
kidneys the dye was apparently completely retained in the blood stream. 

A series of experiments on five dogs was then performed in which 


\BLE 1.—Injection of Phenoltetrachlorphthalein After Extirpation of the Liver 
and the Kidneys 


Time in Minutes Amount of Dye 
Dog Lived after in Blood of 
Injection of Dye Left Heart 


Weight Mg. of Dye with Liver and at End of 
bog in Kg. Injected Kidneys Out Experiment 
18 20) 32 47" 
Ww luo 22 4, 
4 25) 38 wr 
12 100 67 410% 
17 200 16 4 


* More than 40 per cent. of dye cannot be demonstrated in the blood serum by any 
nic now in use, irrespective of the amount of dye injected. 


nie 2—Injection of Phenoltetrachlorphthalein After Removal of Kidneys and 
Ligation of the Common and Cystic Ducts 


Amount of Van den Bergh Dye in Dye in 
Weight Mg. of Dye in of Blood Hepatie Duct Gallbladder 
in DyeIn- Blood after at End of at End of at End of 
g Kg. jected 1 Hour 1 Hour Experiment Experiment Remarks 
17 1) SG $$ <cxsaetestbinnrs t+++ ++++ Oystie duct 
not ligated 
16 250 0 Indirect in 15 0 0 
minutes, direct 
in 6) minutes 
15 1 ( Faint indirect? 0 oO 
$ 17 250 T™% Very strong 2% 0 Four times 
indirect normal dose 
8 120 F% Direct ++++ Trace 0 Ten days after 


ligating the 
common duct 


the kidneys were removed and the common and cystic ducts ligated. 
Into these animals the dye was injected intravenously, in dosages vary- 
ing from 5 to 10 mg. per kilogram of body weight. In these experi- 
ments the blood was examined by the Van den Bergh test, and for its 
dye content. At the end of the experiment the bile of the hepatic 
duct and the various organs and tissues of the body were tested for the 
presence of the dye (Table 2). <A typical protocol of the five experi- 
ments is appended (Dog 2, Table 2). 

Exper. 2—Dog 2 (Table 2), yellow, male mastiff, weight 16 kg., was 


anesthetized with ether and 1 grain of morphin. The kidneys were removed 
and the common and cystic ducts ligated. Two hundred and fifty milligrams of 








450 ARCHIVES OF INTERNAL MEDICINE 

the disodium salt of phenoltetrachlorphthalein was injected into the right jugular 
vein. The blood at the beginning of the experiment gave a negative Van den 
Bergh reaction. Fifteen minutes after injection there was a faint indirect 
Van den Bergh reaction in the blood, and at the end of one hour there was a 
positive direct Van den Bergh reaction. At the end of fifteen minutes there 
was practically none of the dye in the circulation. At the end of one-half 
hour no dye whatever was demonstrable. The animal was allowed to live 
two hours after injection of the dye. It was found at necropsy that the lymphatics 
at the hilum of the liver were of a distinct yellow color. The thoracic duct was 
enlarged and quite golden yellow. The bile from the proximal portion of the 
hepatic duct contained none of the dye. The cut section of the liver did not 
change color on application of 5 per cent. sodium hydroxid. Portions of the 
liver, heart and lungs were boiled with 5 per cent. sodium hydroxid and 5 
per cent. hydrochloric acid and none of the dye was demonstrated. 

To test the possibility of the dye having broken down in the liver, with a 
resultant liberation of chlorin, a portion of the liver was examined quantita- 
tively for its free chlorids by the urine chlorid method of Vollhard and Harvey 
after incubation at 37.5 C. (for twenty-four hours) in distilled water in th: 
presence of thymol dissolved in ethyl alcohol. This was not found to be highe: 
than that of an equal portion of normal dog liver. Because of the small amount 
of chlorids present and the resulting high percentage of error, it is felt that mn 
conclusions are justified from these chlorid determinations. 


The results of these experiments were considered exceedingly inter- 
esting, since one of us ** had shown that in similar experiments, without 
the injection of the dye, an indirect reaction by the Van den Bergh 
method was seldom obtained before two hours after tying the biliary 
ducts. He also found that the indirect Van den Bergh reaction alon« 
was obtained during the first day after ligation of the common and cystic 
ducts and after this the direct reaction appeared. 

After this, similar experiments were then performed on five dogs 
in which the thoracic duct was also cannulated and the lymph tested 
by the Van den Bergh method and for its dye content. These experi 
ments, which are presented briefly in Table 3, indicate that with the 
exception of the experiment on Dog 5, practically none of the dye 
appeared in the lymph stream. In this animal, twenty-two days elapsed 
between the ligation and section of the common duct and the injection 
of the dye. The animal was severely jaundiced, and after the introduc- 
tion of the dye it was found that the lymph very soon showed the 
presence of the dye in a concentration almost equal to that in the blood 
stream. Because of this experiment, it was felt that in chronic obstruc- 
tive jaundice, where there is microscopic evidence of severe damage 
to the liver cells, the liver, being unable to remove all of the dye 
brought to it by the blood stream, turns over part of it into the lymph 
channels. We believe, however, that there is no parallelism between 


11. Harvey, S. C.: The Quantitative Determination of the Chlorids in the 
Urine, Arch. Int. Med. 6:12 (July) 1910. 
12. Bloom, W.: Bull. Johns Hopkins Hosp. 34:316 (Sept.) 1923. 
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the reaction of the liver in early obstructive jaundice to bilirubin and 
to phenoltetrachlorphthalein. For, in acute experiments, the former is 
present in increasingly greater amounts in the thoracic duct, while the 
latter hardly appears at all, even when very large doses are injected 
intravenously. 

The liver tissue of five animals in the preceding experiments, in 
which the injected dye disappeared from the blood stream, was sub- 
jected to the action of boiling 5 per cent. sodium hydroxid and 5 per 
ent. hydrochloric acid, and of reducing and oxidizing agents, such as 
lilute iodin, potassium permanganate, hydrogen peroxid and nascent 
lvdrogen. It was impossible to recover dye after any of these pro- 
edures. Nor was it possible on repeated trials to demonstrate a higher 
hlorid content in these than in normal livers. 

In another series of experiments, 5 gm. each of the following organs 
irom four normal dogs were minced and suspended in 4 c.c. of physio- 


\BLE 3.—Injection of Phenoltetrachlorphthalein After Ligation of Common 
and Cystic Ducts and Cannulation of Thoracic Duct 
and Removal of Kidneys 


Phenoltetrachlorphthalein 


Time Lapse in Blood Phenol- 
Between Ligating ———--—_+~——~ tetrachlor- 
Weight in Mg. of Dye Common Duct and End of End of phthalein 
Dog Kg. Injected Injection of Dye 30 Minutes 60 Minutes in Lymph 
1 10 70 0 0 0 0 
2 5 40 2 hours + 0 Trace 
3 40 20) 2 hours 3% 0 0 
4 5 * 5 hours + 0 0 
5 i 100 2? days AG 4 s 


logic saline solution. To each specimen one drop of 0.5 per cent. of 
disodium phenoltetrachlorphthalein and two drops of thymol solution in 
ethyl alcohol were added and incubated at 37.5 C. (99.1 F.). The 
specimens were examined for the presence of the dye after one, two, 
six and eighteen hours. The organs tested were the striped muscle, 
heart, lung, kidney, liver, spleen, and large bowel. It was found that at 
the end of twenty-four hours the heart had so changed the dye that 
practically none of it could be demonstrated after hydrolysis with 5 per 
cent. sodium hydroxid and 5 per cent. hydrochloric acid. The lung 
and spleen also decolorized the dye more than the liver. The striped 
muscle seemed to have no effect on the dye. 


SUMMARY OF EXPERIMENTAL RESULTS 


The experiments reported in the foregoing showed that in the 
absence of the liver and kidneys the dye remained in the circulation as 
long as the animals lived. After tying the common and cystic ducts, the 
liver was able to remove large quantities of phenoltetrachlorphthalein 
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from the circulation. The dye in these experiments was not excreted 
in significant quantities by the liver into the bile passages, and it did 
not appear in the lymph of the thoracic duct. We were unable to 
recover the dye from these livers by treating them with hydrochloric 
acid, sodium hydroxid, oxidizing or reducing substances, so that we 
believe that the liver cells either combined very intimately with the 
dye or else changed it into a more or less stable, colorless compound or 
compounds. It was thought that if the phenoltetrachlorphthalein was 
broken down in the liver, some of its chlorin might be liberated. We 
have no evidence to support this theoretical liberation of chlorin. We 


TaBLe 4.—Series of Patients Suffering from Various Diseases 


Number Number 





Showing Showing Total 
Inerease in Ab- Number 
Indirect normal of 
Van den Dye Untoward Reactions Cases 
Bergh Reten- - Showing 
Num- orin tion Average Number Sterile Un- 
ber Direct at Amount Showing Abscesses toward 
of when Endof of Dye Throm- or Local Reac- 
Cases Cases Positive 1 Hour in Urine bosis Chills Reaction tion 
Group 1. Miseellaneous 8 38 0 Less than 2 1 —- 2 
without liver diseases 0.5 mg. 
Group 2. Miscellaneous 5 5 3 (3-7%)* Less than 1 _ 1 2 
with liver disease, 0.5 mg. 
earcinoma, amyloid, 
syphilis, tuberculosis 
Group 38. Cardiac de- 4 4 4(4-9%) Less than 1 ~ 1 2 
compensation (chronic 0.5 mg. 
passive congestion of 
liver) 
Group 4. Acute and 4 4 0 0.5 mg. = 1 2 2 
ehronie cholecystitis 
with or without chole- 
lithiasis 
Group 5. Laénnec’s 3 3 3 (7-8%) Less than - - 1 1 
atrophic cirrhosis of 1 mg. 
liver 
Group 6. Obstructive 
jaundice 
Due to stone......... 2 1 1 (2%)) ~=Less than 
Due to cholangitis... 1 1 1 (4%)5 1 mg _ —_ 1 1 
i cxtcencnvcus 27 % 12 10 


4 2 6 
(14.8%) (7.4%) (22.2%) (37.0%) 








Amount of dye injected routinely: 5 mg. per kilogram of body weight. 

* The percentage figures in this column indicate the amount of dye retention. 
have been unable to determine the fate of the dye in the liver of the 
dog in early obstructive jaundice. The finding that the intravenous 
injection of phenoltetrachlorphthalein causes a very rapid appearance 
of the indirect and direct Van den Bergh reactions is considered more 
fully when the results of our clinical studies are discussed. 


CLINICAL RESULTS 


A series of patients suffering from various diseases, and a number 
of apparently normal persons were injected with 5 mg. of the dye per 
kilogram of body weight and at the end of one hour the blood was 
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examined by the Van den Bergh test and for its dye content. We 
noticed that the fifteen minute specimen added nothing to the informa- 
tion obtained from the hour specimen of serum. 

Here again, the findings first noticed in the experiments on the 
logs in Table 2 were confirmed and extended. It was seen that even 
n normal persons there was a transient hyperbilirubinemia, as evi- 
enced by a quantitative increase of the indirect Van den Bergh reaction. 
his hyperbilirubinemia, which usually disappeared within twenty-four 
hours, seemed to bear no relation to the severity of impairment of liver 
unction as measured by the dye retention. We believe that the 
transient bilirubinemia subsequent to the injection of phenoltetra- 
hlorphthalein was due to the fact that the liver, having an apparently 
pecific, excretory action toward the dye after it had been injected 
ntravenously, cannot excrete bilirubin or its precursors which are 
rought to it until all of the dye has been eliminated. We have no 
evidence that this transient bilirubinemia is indicative of anything more 
an a temporary functional blockade of the bilirubin excreting power 

the liver. As a control experiment, phenoltetrachlorphthalein was 
lded to blood serum in vitro; it had no apparent effect on the Van 
en Bergh test. The dye alone, moreover, did not give a color reaction 
ith Ehrlich’s diazoreagent. 

As may be seen from Table 4, 14.8 per cent. of the patients injected 
with the dye developed thromboses at the site of injection, 22.2 per 
ent. local reactions, 7.4 per cent. chills ; a total of 37 per cent. untoward 
eactions were met with in this series. Small traces of the dye in a 
free or a conjugated form were found in the urine of normal persons 
as well as patients suffering from various types of liver disease. The 
total amount of the dye in the urine was never more than 3 mg., that 
is, less than 1 per cent. of the total dye injected. In none of our cases 
with complete biliary obstruction have we ever found a dye retention 
greater than 4 per cent. This is in agreement with our findings in 
experimental animals and at variance with the results of Ottenberg 
and Rosen.* 

CONCLUSIONS 

1. Inthe absence of the liver and kidneys, phenoltetrachlorphthalein 
continued to circulate in the blood stream. 

2. The intravenous injection of phenoltetrachlorphthalein in the 
early stages of obstructive jaundice in dogs caused an earlier appearance 
of both the indirect and the direct Van den Bergh reactions that was 
noticed in control animals. 

3. All attempts to recover the dye from the liver in obstructive 
jaundice were unsuccessful. 

4. Dog liver decolorized phenoltetrachlorphthalein less than the 
heart, lung, and spleen in vitro. 
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5. In early obstructive jaundice, phenoltetrachlorphthalein appeared 
in minute amounts or not at all in the lymph of the thoracic duct. In 
chronic obstructive jaundice, however, the dye was present in large 
amounts in the lymph of the thoracic duct. 

6. The intravenous injection of phenoltetrachlorphthalein produced 
in the human being a transient hyperbilirubinemia, as evidenced by the 
Van den Bergh test. 

7. The high incidence of thromboses and other untoward reactions 
after the injection of phenoltetrachlorphthalein, is a serious objection 
to the execution of this test as a clinical method. 

8. In no case of long standing complete biliary obstruction have 
we noticed a greater dye retention than 4 per cent. in the blood serum. 

9. A new method is given for the accurate determination of small 
amounts of phenoltetrachlorphthalein in blood serum. 











MITRAL STENOSIS WITHOUT RHEUMATIC FEVER 
IN NORTH CHINA * 


HENRY EDMUND MELENEY, M.D. 
AND 
IRMARITA KELLERS, M.D. 


PEKING, CHINA 


Ever since the etiologic relationship between rheumatic fever and 
stenosis of the mitral valve was established half a century ago by 
llayden,' Fagge,? and Duckworth,* these two conditions have been 
losely associated in the minds of European and American students of 


TasLe 1.—Relative Incidence of Mitral Stenosis in Peking and Elsewhere 





Cases of Per Cent. 
Medical Mitral Mitral 
Hospital Years Patients Stenosis Stenosis 
St. Bartholomew’s, London.............. 1913 1,996 50 2.5 
Johns Hopkins, Baltimore................ 1914 1,422" 17 12 
P. U. Bh. Gog FBG. coc cccccccontcccecccas OUD Ep eee Oe 2,604 39 1.45 


Jan. 31, 1924 


* White patients only are included. Among 311 negro patients there were no cases of 
tral stenosis. 


Taste 2.—Relative Incidence of Rheumatic Fever and Infection Arthritis 
in Peking and Elsewhere 


Fever Arthritis Totals 
Medical —“~—S_ Ss -—— * SO 
Hospital Years Patients No. % No. % No. N 
Rheumatic Infectious 
St. Bartholomew's, London..... 1913 1,996 105 5.26 1 0.05 106 5.3 
Johns Hopkins, Baltimore...... 1914 1,422* ony — “4+ 3.1 44 3.1 
P.U. M. C., Peking.............. July 1, 1921 to 2,604 6 02 6 0.2 12 04 


Jan. 31, 1924 


* White patients only are included. 
+ These include cases of rheumatic fever. 
} None of these was as severe as the typical cases of rheumatic fever seen in America. 


heart disease. It is interesting to discover, therefore, that in North 
China, where typical rheumatic fever is almost unknown, mitral stenosis 
is the most common heart lesion, and its incidence is comparable to 
that in western countries. Table 1 shows the prevalence of mitral 
stenosis in our records as compared with those of St. Bartholomew’s 
Hospital, London, for 1913, and of the Johns Hopkins Hospital, Bal- 


*From the Department of Medicine, Peking Union Medical College. 

1. Hayden: Diseases of the Heart and the Aorta, Dublin, 1875, p. 964 
(quoted by Duckworth). 

2. Fagge, C. H.: On the Murmurs Attendant upon Mitral Contraction, 
Guy’s Hosp. Rep., 3rd Series, 16:247, 1871. 

3. Duckworth, D.: On the Aetiology of Mitral Stenosis, St. Barth’s. Hosp. 
Rep. 13:263, 1877. 
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timore, for 1914. In contrast to this, Table 2 shows the relative 
incidence of rheumatic fever and infectious arthritis in the same 
hospitals. 

This paper deals with thirty-nine cases of mitral stenosis occurring 
in Chinese patients. These include all of the definitely diagnosed cases 
of this condition which have been admitted to our wards since the new 
hospital was opened. We have included only patients which presented 
the typical physical signs of the disease, namely, a presystolic thrill and 
a presystolic rumbling crescendo murmur (or its equivalent in the 
presence of auricular fibrillation) localized to the apical region of the 
heart. No cases of marked aortic insufficiency are included, in which 
the apical murmur could be mistaken for a so-called Austin Flint 
murmur. 

RHEUMATIC ANTECEDENTS 

We have reviewed these cases particularly from the standpoint of 
their etiologic relationship to rheumatic fever, acute arthritis and chorea, 
the three conditions which were termed by Duckworth “rheumatic 
antecedents.” Of the thirty-five cases in which our records make a 
definite statement, only one gave a history of rheumatic fever, and 
one a history of chorea; while fourteen others gave a history of joint 


Taste 3.—Relative Incidence of Rheumatic Antecedents in Cases of Mitral 








Stenosis 
Rheumatie Antecedents 
_- —— > Pe 
No.of Rheumatic Joint 
Cases Reported by Cases Fever Chorea Pains Total Per Cent. 
Gites i ccc cecccccscces » 47 4 5 Mi 70.0 
Meleney and Kellers.... oes 35* 1 1 l4 16 45.7 


* In four cases there was no record whether or not there had been joint pains. 


pains of varying intensity. The patient with a history of rheumatic 
fever stated that fifteen years ago, at the age of 12, she had had fever 
with painful, red and swollen joints. This had recurred five or six times 
since then. Of the fourteen patients listed as having had joint pains, 
five had had fever (two of them slight) and in all these multiple joints 
(four or more) had been involved. Ten patients in all had multiple 
joint pains ; one had three joints involved, three had only two. Swelling 
of joints occurred in only one patient. Redness of joint regions never 
occurred. The patient with a history of chorea stated that he had had 
it at 12 years of age, five years before admission, and that it lasted 
for one year. 

These cases present a strong contrast to those of Duckworth.’ Of 
his eighty cases of mitral stenosis fifty-six patients had had rheumatic 
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antecedents. Of these, forty-six had had one or more typical attacks 
of rheumatic fever. Four had had ciiorea alone and one both chorea 
and rheumatic fever. Three had had “rheumatic pains,” one “rheumatic 
evout” and one osteoid arthritis. Table 3 shows the contrast between 
these patients and ours. 

In the absence of more definite rheumatic antecedents in these cases 
ve have searched for other etiologic factors, but no greater tendency 
to other known infections has appeared than is met with in the general 
aking of histories. For instance, only ten of our patients gave a history 

f sore throats, and of these, only three had had joint pains as well. 
‘ive patients had had toothache, and three of these had had joint pains 
iso. Four had had otitis media, and one of these joint pains also. 
(hirteen had a history of smallpox, twelve of measles, five of typhoid 
r some similar type of fever, and four of gonorrhea, with joint pains 
n one of these. 

PHYSICAL EXAMINATION 

The general physical examination revealed no more definite evidence 
‘f sources of infection than did the history. In twelve patients the 
tonsils were enlarged; in eight of these they were cryptic, and in two 
inflamed as well. In fifteen the teeth showed pyorrhea; in only five 
was there caries, and in three others, root abscesses. Three patients 
were slightly deaf in one ear ; one of these had a thickened and retracted 
ear drum. One patient had tuberculosis of the lungs and of the 
humerus. In one the history and physical signs pointed to a gonococcal 
salpingitis. 

In other features our series of cases corresponds closely to those 
reported elsewhere. Although there are only fourteen female patients 
in our series as against twenty-five males, this inversion of the usual 
proportion in mitral stenosis is practically abolished when it is con- 
sidered that our total number of male medical patients has outnumbered 
the females by 3.2 to 1. This correction brings the theoretical per- 
centage to: females 62.7 per cent., males 37.3 per cent. This corre- 
sponds closely to the ratio in the cases collected by Duckworth: females 
67.3 per cent., males 32.6 per cent. 


AGE GROUPS 


The age groups also correspond fairly closely to those reported 
by Duckworth, as shown in Table 4. The highest incidence in our 
series, however, is reached in the second decade, whereas in Duckworth’s 
series, the third and fourth decades had the highest incidence and were 
nearly equal. Table 4 also shows the age of onset of symptoms in our 
series. It will be seen that the second decade has by far the largest 
incidence of onset, increasing over the simple age incidence at the 
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Taste 4.—Age Distribution of Cases of Mitral Stenosis 





Duckworth’s P.U. M.C P.U. M. C. Onset 
Age, Decade Cases Cases of Symptoms 

Bebbcengenananes scceebesesedednbseqnesanese 0 1 1 
Didhiatvecsecasseenaddcksdequeceduspesedens 4 ie 18 
Bu cnvecs 24 4 8 
Dishéscnkadtbesmbticesad xobaeananededaness 23 s + 
Dicdtkcctteteiwena eds siunabcnneseebuaesandle 13 6 5 
Dilinens oa. paren diabdoducmeenasakubendeuah 5 3 3 
Paeésa <ncesnx conendensnisassexteasdceaneaas i 0 0 

I OD accecncivdbecveyesntakeabes =) 39 39 


expense primarily of the fourth decade. The close correspondence of 
the “incidence” and “onset” columns in the fifth and sixth decades 
may be due either to a late onset of the pathologic process, or to a very 
mild lesion of long standing which first gave symptoms only when 
the myocardium began to grow old. This latter possibility is supported 
by the necropsy findings in Case 35, which are mentioned later. 


ELECTROCARDIOGRAPH FINDINGS 


In connection with the diagnosis of our cases of mital stenosis it is 
interesting to note the abnormalities shown by the electrocardiograph. 
These were as follows: 

Of thirty-five cases on whom records were taken, there was right 
ventricular preponderance in eighteen cases; auricular fibrillation in 
thirteen cases ; auricular fibrillation constantly in six cases. 

Of the twenty-nine cases in which the P wave was present, there 
was notching of the P wave in seventeen cases; flat top P wave in four 
cases; inverted P wave in Lead 3 in eight cases; P-R interval above 
0.20 seconds in seven cases; deflection of P wave above 0.2 millivolts 
in fourteen cases. 

It is noteworthy that, in two instances in our series, two cases 
were present in the same family. Cases 25 and 28 are brother and 
sister. Both have a history of vague joint pains. Again, Case 34 is 
the mother of Case 1. In neither case were any “rheumatic antecedents” 
known. 

Out of thirty-seven patients in which a blood Wassermann test was 
performed, four were positive (4 plus). Three of these cases had no 
“rheumatic antecedents.” The other patient had joint pains lasting for 
three months at the time of onset of heart symptoms four years ago. 
No opportunity has been offered to check up the diagnosis on these 
cases at necropsy. 

One of our patients had paralysis of the left recurrent laryngeal 
nerve, a complication of mitral stenosis which has often been reported *. 


4. Garland, J., and White, P. D.: Paralysis of the Left Recurrent Laryngeal 
Nerve Associated with Mitral Stenosis. Arch. Int. Med. 26:343 (Sept.) 1920. 
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NECROPSY FINDINGS 

Of the six known deaths in our series three cases came to necropsy. 
In all of these the diagnosis of mitral stenosis was confirmed. The 
character of the stenosis in all three cases was that of a scarring as 
the apparent result of a chronic inflammatory process, with thickening 
of the valve flaps, thickening and shortening of the chordae tendineae 
and fibrosis of the papillary muscles and endocardium adjacent to the 
valve. The left auricle was hypertrophied and dilated in all three 
cases. In one patient (Case 35) a broken thrombus was found in the 
left auricle which may have been the cause of death. The aortic valve 
also was definitely distorted and stenotic in two of the three cases 
(Cases 23 and 35). 

Table 5 gives in detail the joints dealt with in this paper. 


COMMENT 


It has always been recognized that a certain number of cases of 
mitral stenosis have no clinical relationship to rheumatic fever or to 
any other definite infectious process. Such cases, however, have uni- 
formly shown the same pathology at necropsy as cases in which there 
was definite association with rheumatic antecedents. The same is true 
of our cases, both clinically and pathologically. We cannot say, there- 
fore, that these cases are not fundamentally the same as those occurring 
in association with rheumatic fever. They are apparently the result of 
some mild inflammatory process of a progressive nature which acts 
primarily on the most sensitive portion of the endocardium. It has 
never been established, however, that the so-called rheumatic endo- 
carditis is caused by a specific micro-organism, although a nonhemolytic 
form of the streptococcus has been under suspicion. Our cases 
emphasize the obscurity of entrance and action of the infectious agent, 
whatever it may be, and call attention to the possibility that a variety 
of organisms or toxins may produce the same pathologic picture. 

The scarcity of rheumatic fever in Peking is as striking as is the 
presence of mitral stenosis. We can offer no satisfactory explanation 
for this. Nowhere in China is rheumatic fever as prevalent as in 
America or England. Possibly more cases are seen in the damp climate 
of the Yangtze Valley than in the dry regions of North China; but 
even in Shanghai and Changsha only a few cases are met with. 
Certainly the climate is not a great factor in China, although Poynton 
and Paine® consider it so in England. Perhaps more important is a 
racial tendency of the Chinese to be less susceptible than occidentals 
to the type of pathologic change to which arthritis belongs. Arthritis 





5. Poynton, F. J., and Paine, A.: Researches on Rheumatism, New York, 
1914, p. 392. 
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deformans, arteriosclerosis and gout are relatively rare among the 
Chinese. Whether this difference in susceptibility lies in the fact that 
the Chinese diet is primarily vegetarian, or whether some more intricate 
factors are responsible, we are not prepared to say. 


SUMMARY 


1. Mitral stenosis is the most common valvular disease of the heart 

Peking, although rheumatic fever is very rarely seen. 

2. Thirty-nine cases from the medical clinic of the Peking Union 
ledical College Hospital are reviewed. In the histories of these patients 
nly one case of rheumatic fever, one case of chorea and fourteen cases 
f “joint pains” occurred. 

3. No other infectious diseases appear to be especially involved in 
hese cases of mitral stenosis. 

4. In sex and age incidence, in electrocardiographic phenomena and 

the pathology of three cases which came to necropsy, these cases 
re similar to the cases of mitral stenosis of rheumatic origin seen in 


urope and America. 
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CONCENTRATING CAPACITY 
KIDNEY * 
T. ADDIS, M.D., ann MARJORIE G. FOSTER, M.A. 


SAN FRANCISCO 


THE 





A capacity for concentration must be conceded to the kidney, 
because most of the substances which it excretes are found to be in a 
state of higher concentration in the urine than in the plasma. The 
mechanism through which this concentration is accomplished cannot 
easily be conceived of as a process in which the kidney remains passive. 
It seems necessary to postulate that work is done by the renal tissue in 
converting a dilute plasma solution into a relatively concentrated urinary 
solution. On this account there has always been a special interest 
attached to observations dealing with the manner in which such an 
active function is affected by changes in the environment and structure 
of the kidney, though it must be admitted that there is as yet no 
unanimity of opinion regarding the factors which influence the renal 
concentrating capacity, nor any clear conception as to the method by 
which the concentration is produced. 

Since 1909, when Ambard and Papin' published some data on this 
subject, the idea that there is a fixed upper limit to the concentrating 
capacity of the kidney for each urinary constituent has been widely 
accepted, and although it cannot be maintained that either their results, 
or the results of other authors which have since been published, consti- 
tute a proof that such maximum limits actually exist, it is at least the 
experience of all observers that certain high concentrations are rarely 
exceeded and then only under extreme conditions. This circumstance 
may be taken as an indication that the conditions under which these 
hypothetic limits are approached are those which are best adapted for 
an investigation of the factors which influence the concentrating capacity 
of the kidney. The general nature of these conditions is obvious from 
the fact that the concentration of any solid substance in the urine 
increases in direct proportion to every increase in the rate at which it is 
excreted, and decreases in direct proportion to every increase in the rate 
at which water is excreted. The highest concentrations are therefore to 
be expected when the rate of excretion of the substance in question is 
most increased and the volume of urine is at the same time reduced to 
a minimum. 

Preliminary experiments were carried out in 1915, to obtain some 
general data with regard to the concentrating capacity of the kidney, 


*From the Department of Medicine of Stanford University Medical 


School, San Francisco. 


1. Ambard and Papin: Arch. internat. de physiol. 8:437, 1909. 
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and in particular to determine which of the various urinary constituents 
hould be selected for special study. It was foreseen that at a later date 
ve might wish to measure the effect which a change in the concentration 
of a substance in the blood might have on the concentration at which it 
vas eliminated in the urine. This requirement excluded certain sub- 
stances which might otherwise have been chosen, because the methods 
vailable for their determination in blood did not have the reliability 
ecessary for our purpose. It was also necessary to choose those sub- 
tances whose rate of excretion in the urine could be markedly increased. 
rea, sodium chlorid, and sodium acid phosphate can all be taken in 
msiderable quantity and in high concentration. They were given to 
ormal persons whose urine volume had been decreased by abstention 


laste 1.—Decrease in the Rate of Water Excretion, Combined with Increase 
in the Rate of Excretion of the Substance Studied 











After 10 Gm. After 10 Gm. 














- Sodium Sodium Acid 
After 30 Gm. Chlorid Phosphate 
of Urea in in 5 per Cent. 4H2O in 5 per Cent. 
15 per Cent. Solution: Solution: 
Solution: Sodium Sodium Acid 
Urea, Chiorid, Phosphate, 
per Cent per Cent. per Cent. 
4.38 1.78 1.77 
‘ 3.39 1.69 1.80 
Me 3.41 1 1.82 
3.55 1.57 1.64 
I 4.06 2.25 1.29 
I 4.26 1.42 1.77 
. 4.85 1.74 2.07 
S 3.92 1.36 1.52 
\verage concentration..................... 3.98 1.66 1.71 
\verage rate of water excretion............ 506 ©.c. 364 ©.c. 222 ¢.c. 
\verage rate of substance excretion....... 23.2 gm 6.04 gm. 3.75 gm. 


trom water, and who were taking a diet which was low in sodium 
chlorid and in water. Other details of the experiments are given in a 
previous paper.* Thirty grams of urea were given in the first experi- 
ment, 10 gm. of sodium chlorid in the second, and 10 gm. of sodium 
acid phosphate in the third. In each case the solid was dissolved in 200 
c.c. of water and ingested at 8 p. m. The concentrations found in the 
twelve hours’ night urine (8 p. m. to 8 a. m.) are given in Table 1. 
These concentrations are high, and in some cases approach the highest 
that have been observed. But it will be noted that with this method, 
in which the conditions are designed to produce a concomitant reduction 
of urine volume and increase of excretion of solids, we were not suc- 
cessful in maintaining the urine volume at a minimum, for there is a 
wide difference between the 596 c.c. excreted when urea was adminis- 
tered and the 222 c.c. eliminated after phosphate ingestion. It seemed 


2. Addis T., and Foster, M. G.: Specific Gravity of Urine, Arch. Int. 
Med. 30:555 (Nov.) 1922. 
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possible, therefore, that fluid restriction alone might be as effective as 
the combined procedure. The same group of persons was therefore 
placed under the same conditions except that no urea, sodium chlorid 
or sodium acid phosphate was given, and the 200 c.c. of water in which 
these substances had been dissolved was also withheld. In this experi- 
ment, the concentration of all three substances was determined in the 
twelve hours’ night urine (Table 2). 

These concentrations are all considerably lower than those observed 
when the rate of excretion of the substance studied was increased, even 
though the rate of water excretion was much less than after urea or 
sodium chlorid had been given. It was therefore concluded that both 
fluid restriction and the administration of the substance selected for 
investigation was advantageous in studying the concentrating capacity 
of the kidney. 


Taste 2.—Decreases in the Rate of Water Excretion Only 





Sodium Sodium Acid 
Urea, Chiorid, Phosphate, 
Name per Cent. per Cent. per Cent. 
* ‘ ‘ 3.51 0.468 0.604 
w - 1.47 0.485 0.380 
Me : 2.59 1.160 0.605 
Ss . 2.00 1.064 0.567 
M ‘ 1. 1.199 0.505 
B. . stele 2.57 0.856 0.845 
i ss 3.56 0.863 0.750 
Sh. 1.41 0.285 0.295 
Average concentration............ adie 2.45 0.706 0.580 
Average rate of water excretion... . 243 cc. 
Average rate of substance excretion ie 5.40 gm. 1.78 gm. 1.28 gm. 


It will be noted (Table 1) that phosphate administration was fol- 
lowed by a urine volume which was even less than when no additional 
substance was given. On this account we carried out another experi- 
ment in which 10 gm. of sodium acid phosphate (NaH,PO,-4 H,O) 
was taken and in this case determined the urea and chlorid as well as the 
phosphate concentrations. We were only able to obtain the cooperation 
of three of the subjects of the former experiments, but in all other 
respects the results are comparable (Table 3). 

In spite of the low urine volumes the urea and chlorid concentrations 
are not so high as in the experiments in which urea and chlorid were 
taken. At this point we were deflected from our original purpose by 
our interest in the cause of the decrease in the rate of chlorid excretion 
which followed the ingestion of phosphate. Under other conditions 
this phenomenon is more pronounced than in the experiments we have 
given here, but no satisfactory explanation was obtained up to the time 
when the work was interrupted by the war. However, one other experi- 
ment was carried through, with the original group of subjects, in order 
to find whether still higher concentrations might not be attained if we 
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reduced the urine volume by giving phosphate while at the same time 
the rates of excretion of urea, chlorid and phosphate were increased by 
giving a mixture of all three substances. We were afraid that vomiting 
might be produced if we gave full doses of sodium chlorid and phos- 


Taste 3.—Decrease in the Rate of Water Excretion with Simultaneous Increase 
in the Rate of Excretion of Sodium Acid Phosphate by the 
Administration of 10 Gm. Sodium Acid Phosphate 





Sodium Sodium Acid 
Urea, Chiorid, Phosphate, 
Name per Cent. per Cent. per Cent. 
inact 2.49 0.880 1.77 
2.49 0.736 2.07 
1.85 0.657 1.52 
2.76 0.851 1.0 
2.94 0.465 2.09 
tains 2.21 0.556 1.54 
1.65 0.592 1.89 
1.16 0.552 1.67 
\verage concentration war 2.19 0.66 1.79 
verage rate of water excretion.......... 227 ¢€.e. 
\verage rate of substance excretion. 4.89 gm. 1.51 gm. 4.00 gm. 


phate, so 5 gm. of each was given with 30 gm. of urea, all dissolved in 
200 c.c. of water. The concentrations we found are given in Table 4. 
Under these conditions the average concentrations are lower than 
hen each substance is given alone, and in the case of chlorid and 
phosphate are even lower than when no chlorid or phosphate was 
viven, because the increase in the rate of water excretion which the 


laste 4.—Decrease in the Rate of Water Excretion with Simultaneous Increase 
in the Rate of Excretion of Three Substances by the Administration 
of a Mixture of 30 Gm. of Urea, 5 Gm. of Sodium Chlorid 
and 5 Gm. of Sodium Acid Phosphate 





























Sodium Sodium Acid 
Urea, Chiorid, Phosphate, 
Name per Cent. per Cent. per Cent. 
pta gs axnndenbienesedeenuageasieen 4.00 0.863 0.655 
W eFeeye Sr en erent 3.70 1.166 0.450 
Mc 3.15 0.450 0.468 
Ss 3.27 0.878 0.526 
M 3.82 1.080 0.591 
B 3.70 0.440 0.626 
h 3.35 0.884 0.580 
Sh. 3.65 0.379 0.459 
Average concentration.................. or 3.5 0.761 0.544 
Average rate of water excretion............ 618 c.c. 
Average rate of substance excretion....... 22.02 gm. 4.64 gm. 3.34 gm. 








a 


mixture induced was greater than the increase in the rate of excretion 
of chlorid and phosphate. The conclusion that we then reached was 
that the optimum conditions for a study of the concentrating capacity 
of the kidney for any substance could be met by restriction of fluids, 
and administration of that substance alone in a solution as concentrated 
as possible. 
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These experiments have been given in detail, because the results 
have a bearing on certain theories as to the mechanism underlying the 
concentrating capacity of the kidney. 

One hypothesis which might be advanced would explain the difficulty 
which is experienced in obtaining concentrations which surpass a certain 
rather ill defined limit, and would also enable us to bring under one 
category the observed maximal concentrations of all urinary constitu- 
ents. This conception has been expressed with the greatest clarity by 
Ambard * in the statement that the maximal concentrations for urea, 
sodium chlorid and glucose are approximately isotonic with one another. 
If this were an established fact it would be a basis for a generalization 
as to the limitation of the concentrations of substances in the urine. It 
would be plausible to suppose that the limitation consisted in the inability 
of the kidney to remove from the blood any more of a given substance 
when the osmotic pressure of that substance had surpassed a certain 
level in the urine, a level which was the same for all urinary constitu 
ents. But because this is a simple and satisfactory theory, it is all the 
more necessary to make sure that it is justified by the experimental! 
observations. Ambard bases it on the fact that the highest concentra 
tions of urea and sodium chlorid which he has ever found in the urin: 
of man are 5.6 per cent. and 2.2 per cent., respectively, and he quote: 
Bouchardat as authority for the fact that the concentration of glucose 
may rise to 14.3 per cent. Urea and sodium chlorid have about th« 
same molecular weight but the glucose molecule is nearly three times 
heavier, so that when the percentage concentrations are expressed as 
gram mols per liter they become 0.925 for urea, 0.376 for sodium 
chlorid and 0.789 for glucose. But urea and glucose are nonelectrolytes, 
while sodium chlorid is largely dissociated, so that the osmotic pressure 
is greater .than the number of molecules per liter in proportion to the 
degree of dissociation. An 0.736 molar solution of sodium chlorid at 
37.5 C. (99.6 F.) is 90 per cent. dissociated, so the osmotic equivalent 
in gram mols per liter is 0.677. The relative osmotic pressures of 5.6 
per cent. urea, 2.2 per cent. sodium chlorid and 14.3 per cent. glucose 
are thus 0.0925, 0.0677 and 0.0789. These values, however, seem to be 
too diverse to justify the conclusion that the maximum concentrations 
of urea, sodium chlorid and glucose are approximately equivalent, or at 
least the approximation is not sufficiently close to justify speculation 
based on the supposition that they might be equivalent. And it should be 
remembered that we have provisionally accepted Ambard’s figures as 
being truly representative. But the 14.3 per cent. concentration of 
glucose is certainly a very exceptional concentration, much higher than 
those which we have observed. The greatest glucose concentration 





3. Ambard: Physiologie normale et pathologique des reins, Paris, 1914, p. 44. 
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und by Keith * was 7.8 per cent. in experiments on dogs, dehydrated 

the intravenous injection of a very large amounts of concentrated 
lucose solution, conditions which appear to be ideal for producing the 
ighest possible concentrations. Ambard and Papin‘ give concentra- 
ms for urea and sodium chlorid which they believed were maximal. 
hey were obtained in dogs under special conditions, an exclusive meat 
iet for the urea experiments, and the injection of sodium chlorid or 
ie giving of salted water for the sodium chlorid experiments. The 
smotic values of the maximal concentrations were always much less 
r sodium chlorid than for urea. In the six dogs on which maximal 
meentrations for both urea and chlorid were obtained, the average 
smotic pressure of the urea was equivalent to 1.049 molar while the 
dium chlorid, after correction for dissociation, had a pressure equi- 
lent to only 0.335. Therefore, either these chlorid concentrations were 
t maximal or the rule of the uniformity of maximal osmotic pressure 
dues which Ambard believes is followed in man does not hold for 
igs. In general, it seems to us that Ambard’s results do not at all 
stify his conclusion. 

Adolph * has recently reported a large number of observations on 
imself in which varying but considerable amounts of urea, sodium 
lorid and sodium bicarbonate dissolved in very little water were taken. 
e accepts the idea that there is a maximum concentration for each 
inary constituent which the kidney cannot surpass and he concludes 
hat this limit is the same for chlorid, phosphate, urea and bicarbonate, 
‘cause he considers that the maximal concentrations of all these sub- 

tances have approximately the same osmotic pressure. But in the first 
lace there is no indication that any absolute maximum is ever reached. 
In the graphs, the concentrations rise in a curve and do not at any time 
take the form of a plateau. The urea concentrations which are called 
maximal vary in five experiments between 0.603 molar (3.65 per cent.) 
ind 0.828 molar (5.02 per cent.). The sodium chlorid concentrations, 
corrected for ionization, vary from about 0.47 to 0.63 molar. This 
considerable range of variation is ascribed to a “daily variation con- 
cerned with the activities and water level of the entire body,” to differ- 
ences in the work of the kidney preceding the experiments and lastly to 
a “variation with long stretches of time, as from year to year.” But in 
another experiment, in which he took no water for four days, still 
another maximum for sodium chlorid was reached, for under these 
conditions the corrected molar concentration of 0.662 was found. In 
the second place, the osmotic equality of the maximal concentrations of 
different substances is not demonstrated. The maximal concentrations 


4. Keith: Am. J. Physiol. 63:394, 1922-1923. 
5. Adolph, E. F.: Am. J. Physiol. 65:419 (Aug.) 1923. 
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for urea and sodium chlorid are given as 0.678 molar and 0.522 molar 
(corrected for ionization), although no reasons are given why these 
particular figures should have been selected. In order to explain why 
the urea concentration is higher than the sodium chlorid concentration, 
it is pointed out that the difference between them, which is 0.156 molar, 
is approximately “the threshhold concentration of sodium chlorid 
retained in the blood, and against this, of course, the kidneys have to 
work.” But if it is right to add the sodium chlorid concentration of the 
blood to the chlorid concentration of the urine, why should the urea 
concentration of the blood not be added to the urea concentration of the 
urine? The blood urea concentration in normal persons rises to high 
levels after the administration of such large amounts of urea as were 
taken by Adolph, and if this had been taken into account there would 
still have been a discrepancy between the urea and chlorid concentra- 
tions. Only one experiment is given for sodium bicarbonate. The 
corrected molar concentration was 0.617, which is far from equivalent 
to the highest urea concentration of 0.828 molar. No data are given on 
phosphate concentrations. 

During the last few years we have made a great many serial deter- 
minations of the concentration of urea in the urine after abstention from 
water or fluids for periods of from thirty to forty hours, combined with 
the repeated administration of considerable amounts of urea. Ina few 
cases these experiments have been repeated many times on the same 
subject. The concentrations found were not dissimilar from those 
already reported by Ambard, Adolph and many others. The difference 
lies not in the facts but in their interpretation. Because it seemed to us 
quite apparent that the observed concentration might possibly have been 
surpassed if it had been feasible to continue the abstention from water 
still longer, we did not feel that we were justified in supposing that we 
had reached a “maximum” concentration in the sense in which that 
word is used by Ambard, i. e., “une concentration que l’on ne pourra faire 
dépasser a l’animal par ancun procédé si artificiel soit-il.”” This 
is the only adequate definition, because it is the only one under 
which maximal concentrations can be regarded as having any theoretic 
or practical importance. Our failure, and what we regard as the failure 
of others, to demonstrate the existence of any such maximum concen- 
tration does not permit us to conclude that there is no such thing, 
because in no case have the conditions required for the production of 
high concentrations been pushed to the ultimate limit. This, however, 
has now been done. MacKay and MacKay * report experiments which 
were specially performed to cause the greatest possible reduction in 
water available for excretion by the kidneys, and which were also accom- 


6. MacKay, L. L., and MacKay, E. M.: Am. Jour. Physiol. (in press). 
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panied by an increased rate of urea excretion. These conditions were 
maintained in some cases until the deprivation of water resulted in the 
death of the animal. Throughout the entire period the concentration of 
urea was determined in each collection of urine, and under these most 
extreme conditions these concentrations should at some time before the 
leath of the animal have reached the “maximum” and thereafter have 
remained approximately constant. But in none of the sixteen animals 
used was the rising curve of the urine urea concentration converted into 

plateau. Therefore, there is no such thing as a maximum urea concen- 
tration in the urine under conditions compatible with life. There is no 
imitation to the concentration of urea in the urine which is imposed by 
virtue of any incapacity of the kidney to produce a still more concen- 
trated urine. If it were possible to induce conditions under which 
here would be even less water and more urea available for excretion, 
ve have no reason to believe that the kidney might not respond with 


“sBLE 5.—Average Concentrations as Gram Mols per Liter Corrected for 
Dissociation, Observed After Decrease in the Rate of Water 
Excretion Combined with Increase in the Rate of 
Excretion of the Substances Investigated 


Sodium Sodium Acid 

Conditions Urea Chiorid Phosphate 
Nothing given.. La eedbhi henna teed on 0.480 0.250 0.087 
Urea, 30 gm. .... awnes eas . 0.665 eons er 
Sod jum ehlorid, 10 gm. P , veuue 0.505 <a 
Sodium acid phosphate, 10 gin. = ore seen 0.242 
sodium acid phosphate, 10 gm. =a 0.365 0.208 0.253 

Urea, 30 gm.; sodium chlorid, 5 gm; sodium 

acid phosphate, 10 gm. ....... eeabnenene 0.596 0.238 0.081 


ie production of a still higher urine urea concentration. This demon- 
stration that the hypothesis of a maximum concentration which the 
kidney is unable to surpass is no longer tenable is of fundamental impor- 
tance, because the general acceptance of this idea has led investigators 
to ascribe variations in the concentration of urinary constituents to 
changes in the concentrating capacity of the kidney. But if the full 
renal capacity is never reached, it is as logical to suppose that these 
variations may be due to changes in the environment of the kidney 
rather than to any supposed success or failure of the kidney in perform- 
ing its work. If the difficulty which is experienced in obtaining very 
high urinary concentrations is not due to any inability of the kidney 
itself, it is as reasonable to suppose that it may be the result of the 
tenacity with which the various regulating mechanisms of the body resist 
more than a certain amount of deviation from the usual relations which 
are maintained between the water and the solids in the blood supplied 
to the kidney. 
The hypothesis that “maximal” concentrations of urea, chlorid and 
phosphate, or rather such unusually high concentrations as may be 
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attained without too much discomfort to the subject of the experiments, 
have all approximately the same osmotic pressure may be tested from 
the experimental data we have given. The average percentage concen- 
trations have been expressed as gram mols per liter, and in the case 
of the electrolytes, sodium chlorid and sodium acid phosphate, a correc- 
tion for dissociation has been made from the measurements given by 
Shaeffer and Clover * and by Watkins.* 

The osmotic equivalents of the highest average concentrations are 
0.665 for urea, 0.505 for sodium chlorid and 0.253 for sodium acid 
phosphate. If we take the highest of all the observations we have 
0.800 for urea, 0.674 for sodium chlorid and 0.317 for sodium acid 
phosphate. It cannot be maintained that there is even an approximate 
correspondence between these values and, as a matter of fact, when the 
various consequences which may be inferred from the theory of a lim- 
ited renal concentrating capacity are no longer entertained, there does 
not seem to be any good reason to expect that they should be the same. 
There is, on the contrary, a reason to anticipate that phosphate concen- 
trations might never become osmotically equivalent to high urea 
concentrations. For, given the same degree of decrease in water excre- 
tion, the concentration of that substance will be the highest whose rate 
of excretion can be most augmented. Now it is not possible to reach 
any limit to the capacity of the kidney in excreting either urea or phos- 
phate. For when more and more is given the concentration of urea and 
of phosphate in the blood rises higher and higher, but the kidney 
continues to respond with an ever increasing rate of excretion, which in 
the case of urea tends to be directly proportional to the blood urea con- 
centration,’ and in the case of phosphate also varies in direct relation to 
the plasma phosphate concentration.*® If, however, sufficiently concen- 
trated solutions of either urea or phosphate are injected intravenously 
for a long enough time the muscles will begin to twitch, soon afterward 
there is a convulsion and the animal dies. Nevertheless, up to the time 
at which these symptoms appear the kidney is still smoothly and steadily 
increasing the rate of excretion in correspondence with the mounting 
blood concentration, so that the limit to the attainment of still higher 
rates of excretion is imposed, not by the kidney, but by the nervous 
system. This limit is set at a much lower level for phosphate than for 
urea. We have been unable to obtain rates of phosphate excretion which 
exceed 150 mg. sodium acid phosphate hourly per kilogram of body 
weight without the development of these nervous disturbances, but with 
urea, rates as high as 1,785 mg. hourly per kilogram of body weight have 


7. Shaeffer and Clover: Carnegie Inst. Wash., 1912, No. 170, p. 14. 
8. Watkins: Carnegie Inst. Wash., 1915, No. 230, p. 153. 

9. Addis, T., and Drury, D. R.: J. Biol. Chem. 55:105 (Feb.) 1923. 
10. Addis, Mayer and Myers: Observations (to be published). 
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een obtained."' There is, therefore, reason to expect that phosphate 
oncentrations in the urine cannot be increased to such a high level of 
smotic pressure as is possible for urea, no matter how extreme the con- 
itions may be. The rate of sodium chlorid excretion is limited in much 
1© same way, and possibly for the same reason that the rate of 
odium phosphate excretion is restricted..* On a priori grounds it is 
erefore improbable that high concentrations of urea, sodium chlorid 
ind sodium acid phosphate will have the same osmotic pressure, for 
e inequalities in the maximum rates of excretion would have to be 
unterbalanced by proportional inverse changes in the rates of water 
<cretion. Certainly, under the conditions which have been investigated, 
ven the results of those who have advanced the theory fail to demon- 
trate any equality between urea and sodium chlorid concentrations, and 
n the experiments which we have given a pronounced inequality between 
e molecular ionic concentrations of urea and phosphate has been found. 
There is still another hypothesis in which renal incapacity is regarded 
, the limiting factor in determining urinary concentrations under cer- 
\in conditions. Chaussin ** found that “maximal” concentrations of 
irea could be obtained only when the rate of salt excretion was low, and 
imilarly that “maximal” sodium chlorid concentrations were found only 
vhen the conditions were such that the rate of urea excretion was low. 
le supposes, therefore, that the concentration of one substance is influ- 
need by the concentration of other substances and since he found that 
the sum of the urea and chlorid concentrations was almost contant, he 
oncludes that the kidney is limited in its capacity to secrete a urine 
vhose total osmotic pressure exceeds a certain level. “La charge de 
|'organisime en sel diminue la capacité du rein vis-a-vis de |’élimination 
de l'urée et reciproquement.”” Our own observations might be regarded 
as supporting this theory, for the highest concentrations of urea, chlorid 
and phosphate were obtained only when each substance was given 
alone. On the other hand, we failed to reach any limit to the total con- 
centrating capacity of the kidney, for the total gram molar concen- 
tration, corrected for ionization, increased from 0.665 with decrease in 
water excretion, to 0.769 when urea, chlorid and phosphate were taken 
together. However, if the kidney is really incapable of excreting high 
concentrations of urea and chlorid at the same time, its failure should 
become very manifest when the conditions are more rigorous than was 
possible in Chaussin’s or in our experiments. We accordingly gave urea 
and sodium chlorid by stomach tube to rabbits deprived of water. The 
results are given in Table 6. 
11. Drury, D. R.: J. Biol. Chem. 55:113 (Feb.) 1923. 


12. Munzer: Arch. f. exper. Path. u. Pharmakol. 41:74, 1898. 
13. Chaussin: J. de Physiol. et de path. gén. 18:895, 1919-1920. 
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It is evident from these results that the kidney is able to secrete urine 
in which the concentration of both urea and chlorid is high. 
the rate of excretion of urea alone is increased, the increased rate of 


But when 


water excretion which is associated with that increase will, of course, 
lower the concentration of chlorids, just as a marked increase in the rate 


TABLE 6. 


Four Rabbits 


Rabbit 1, Weight at One Hundred and Twentieth Hour, 2,000 Gm. 


Time of Urine 
Collections, 
Number of Hours 
Without Water 


Conditions 


No water or food for 120 hours.... 


135-147th 


At 147th hour 5gm. urea and 1 gm. 147-151st 
sodium chlorid in 20 ¢.c. water 151-155th 
155-159th 


150-171st 
171-176th 
176- 183d 
183-7? 


At 171st hour 1gm. sodium chlorid 
in 20 ¢c.c, water 
Died soon after 183d hour 


Rabbit 2. 


Volume, 
C.c. per 


Kilogram of 


Hourly 


12. 


09 CO Cle 1S Co ayo; 


Body Weight 


Urea 


Percent 


age, 


Gm. per 


wc. 


5.22 


c. 





5.74 
a1 
5.18 
3.04 
5.42 
5.92 
6.12 
2.70 
4.85 
4.06 


Weight at Forty-Eighth Hour, 2,000 Gm. 


No water or food for 48 hours..... ~ 48th — 39 

At 48th hour 10 gm. urea in 20 ¢.c. 48- 56th 10.0 4.29 
water hoy 7TOth 2.3 6.00 

At 75th hour 5 gm. urea and 1 gm. 7O- 79th 4.4 5.59 
sodium chlorid in 20 ¢.c. water 7% Goth 1.8 6.94 

At 9th hour 5 gm. urea and 1 gm. 111th 3.6 5.28 
sodium chlorid in 20 e.c. water 

Died soon after 111th hour........ 1ll- ? 


Rabbit 3. Weight at Forty-Eighth Hour, 2,35 Gm. 





No water or food for 48 hours. - 48th im 2.91 

At 48th hour 11.75 gm. urea in 23.5 48 - 56th 9.7 4.05 

c.c. water 55 - 70th 8.5 7.20 

At 70th bour 5.88 gm. urea and 1.25 70 - 79th 4.5 6.13 

gm. sodium chlorid in 23.5 ¢.ce. 79 - 9th 10 6.78 
water 

At @th hour 5.88 gm. urea and 1.25 9 -111th 3.6 5.34 

gm. sodium chlorid in 23 5c.c. lll 3« 1.1 6.51 

water 123 1.1 6.36 

134.5- 148.5 08 6.74 

At 148.5 hour 5.88 gm. urea and 148.5- 152.5 09 4.42 


1.25 gm. sodium echlorid in 23.5 
c.c. water 
Died at 152.5 hour 
Rabbit 4. Weight at Fifty-Fifth Hour, 1,900 Gm. 
Time of Urine Volume, 
Collections, C.e. per 


Sodium 


Urea Chiorid 


Results of Administration of Urea and Sodium Chlorid in 


Sodium 
Chlorid 
Percentage, 
Gm. per 
100 C.c. 
0.07 
0.41 
0.25 
0.26 
0.33 
0.49 
0.93 
0.76 
0.82 
1.00 
0.65 
0.82 
0.96 
0.94 


0.01 
0.09 
6.00 
0.51 
0.66 


0.18 
0.23 
0.08 
0.52 


1.00 


OS) 
0.29 
0.26 
001 
0.01 


Acid Sodium 
Phosphate 


Number of Kilogram of Percentage, Percentage, Percentage, 


Hours Body Weight Gm. per Gm. per 
Conditions Without Water Hourly 100 C.e. 100 C.c. 
No food or water for 55 hours..... 2 55th awe 4.04 0.00 
At 55th hour 9.9 gm. urea in 19 ¢.c. 56- 70th 5.3 5.61 0.08 
water 
At 70th hour 4.99 gm. urea and 9.99 70- 79th 4.7 6.27 0.21 
gm. sodium chlorid and 0.99 79% 90th 1.5 6.81 0.01 
gm. acid sodium phosphate in 
19 c.c. water 
At 90th hour 4.99 gm. urea and 0.99 90-108d 2.8 5.07 0.49 
gm. sodium chlorid and 0.99 103-115th 2.3 5.10 0.94 
gm. acid sodium phosphate in 115-126.5 0.2 2.69 0.01 


19 ¢.c. water 
Died soon after 126th hour 


Gm. per 
100 C.c. 
1.56 
0.31 


0.83 
1.61 


0.76 
0.82 
0.46 
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of chlorid excretion will, as a rule, lead to a decrease in the urea concen- 
tration. Chaussin’s findings may be explained on these grounds, and 
it is unnecessary to assume that the kidney is incapable of producing high 
concentrations of both simultaneously. Whether this is true for all 
urinary constituents it is impossible to say. There are certain effects on 
chlorid excretion produced by the administration of phosphate for which 
we have no explanation, but certainly the suggestion that they are due 
to renal incapacity seems to us more improbable than many others which 


might be given. 


TasLe 7.—Association Between Rate of Water and Rate of Substance 
Excretion 


Substance = Urea : 
Urea + Chlorid 


Water, Urea, + Phosphate, 
Conditions C.c.in 12 Hours Gm.in12 Hours Gm. in 12 Hours 
Phosphate, 10 gm. .... oe oe j 227 4.89 10.40 
ee nee 245 540 qj = ~— eeees 
CPOR, BP Ms cnc ccwncsstcuee a are 506 23.20 ovces 
Urea, 30 gm.; sodium chlorid, 5 gm.; 18 22.02 80.00 
sodium acid phosphate, 5 gm. 
Substance — Sodium Chicrid 
Urea + Chlorid 
Water, Sodium Chlorid, + Phosphate, 
Conditions C.c.{n 12 Hours Gm.in12 Hours Gm. in 12 Hours 
Phosphate, 10 gm. .............. yee 227 1.51 10.40 
a eee ‘ 248 1.78 aitexe 
Sodium chlorid, 10 gm. ............. . 364 6.04 sian 
Urea, 30 gm.; sodium chlorid, 5 gm.; 618 4.64 30.00 


sodium acid phosphate, 5 gm 


Substance = Sodium Acid Phosphate 


Sodium Acid Urea + Chiorid 
Water, Phosphate, + Phosphate, 
Conditions C.c.in 12 Hours Gm.in12 Hours Gm. in 12 Hours 
Phosphate, 10 gm. ......... ecenceawka 227 4.00 10.40 
SG eee eran : ; 2438 1.28 eerse 
Phosphate, 10 gm. .......... ey , 222 3.75 names 
Urea, 30 gm.; sodium chlorid, 5 gm.; 618 8.34 20.00 


sodium acid phosphate, 5 gm. 


We have shown that the concentration of any substance in the urine 
is limited by the impossibility of increasing the rate of excretion of the 
substance beyond a certain point, without the production of symptoms 
which terminate in the death of the animal. If this were the only limita- 
tion the range of observed concentrations would be much wider than it 
is. But there is, of course, another factor to be considered, the rate of 
water excretion. Theoretically, the optimum conditions for the produc- 
tion of high concentrations consist in as great as possible an increase 
in the rate of excretion of the solid substance with at the same time, the 
maintenance of the rate of water excretion at a minimum value. But 
we found that whenever we succeeded in producing a marked increase 
in substance excretion we failed to keep the urine volume low. In 
Table 7, the average rates of water and substance excretion are given 
for all conditions. 
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If the water excretion when nothing was given is compared with 
the water excretion whcn each substance was given alone, it will be noted 
that the greatest increase occurs with urea, the substance whose rate of 
excretion was most increased. With sodium chlorid a moderate increase 
in rate of excretion is associated with a moderate rise in urine volume 
With phosphate there was a slight decrease in volume but there was 
little increase in the rate of excretion, and there was at the same time 
some diminution in the rate of urea and chlorid excretion. There is, 
therefore, evidence of a relation between the excretion of solids and of 
water, and it seems likely that it is the total solid excretion which is 
related to the volume of urine, for in the experiments in which urea, 
chlorid and phosphate were all determined, the volume of urine varies 
in almost direct proportion to the sum of these three substances. It is 
evidently this tendency toward a parallel increase in water as well as in 
solid excretion, which is the real cause of the diffculty in obtaining very 
high urinary concentrations. It has been assumed that the water excre- 
tion is increased because the kidney is unable to excrete a substance at 
more than a certain maximum concentration. But since we have failed 
to find any evidence of any renal incapacity in concentrating it seems as 
reasonable to suppose that, under conditions in which the rate of excre- 
tion of any substance is markedly increased, the amount of water avail- 
able for excretion may also be increased. The physical conditions within 
the body may be such that a pronounced increase in the concentration of 
any substance in the blood, which is the necessary precursor of any great 
increase in its rate of excretion, is inevitably accompanied by an increase 
in the concentration of free water in the blood. The absence of a very 
high concentration of any solid in the urine would then be only what was 
to be expected if the kidneys were efficient in eliminating together both 
solid and water, when their concentrations in the blood became greater 
than usual. 

A very extreme instance of the relation between urea and water 
excretion is provided by experiments carried out in this laboratory by 
Drury."' By means of a Woodyatt pump, increasing amounts and con- 
centrations of urea were injected intravenously into a rabbit anesthetized 
by chlorbutanol. A 0.9 per cent. solution of sodium chlorid without 
urea was first injected at the rate of 27.3 c.c. hourly per kilogram of 
body weight, and then on different days 2 per cent. urea at 27.3 c.c. 
hourly per kilogram of body weight, 2.5 per cent. urea at 44.4 c.c. hourly 
per kilogram of body weight and finally 5 per cent. urea at the rate of 
78.3 c.c. hourly per kilogram of body weight. The concentrations of 
urea in the urine and in the blood and the rates of urea and water excre- 
tion are given in Table 8. 

As the concentration of urea in the solution which was injected is 
increased to 5 per cent., there is no corresponding increase in the concen- 
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tration of urea in the urine. Since we have often found concentrations 
of over 7 per cent. in the urine of rabbits we cannot suppose that the 
‘idneys of this animal were unable to produce a urine containing 5 
per cent. urea. Nor is the relatively low urine urea concentration due 
to any falling off in the rate of urea excretion when the 5 per cent. urea 
solution was injected, since the increase in the rate was at that time 
‘roportionally greater than the increase in blood urea concentration. 
Che 1.52 per cent. concentration observed when 5 per cent. urea was 
riven was clearly due to an increase in water excretion, which was even 
larger than the increase in urea excretion. When a rate of water excre- 
ion of 120.5 c.c. hourly per kilogram of body weight is obtained under 
onditions in which only 78.3 hourly per kilogram of body weight is 
njected, it would seem reasonable to look for some cause outside of the 





TaBLe 8.—The Effect of the Injection of Increasing Concentrations of Urea 
on the Concentration of Urea in the Urine When the Quantity of 
Urea Given Is Large Enough to Greatly Increase the Con- 
centration of Urea in the Blood 











Urine Rate of Urine Rate of 
Urine Blood Urea Excretion, Water Excretion, 
Solution Injected, Concentration Concentration Gm. per Kg. of C.c. per Kg. of 
Concentration of Urea, of Urea, Body Weight Body Weight 
of Urea Gm. per 100 C.e Gm. per 100 C.e Hourly Hourly 

0.0% 0.68 0.03 0044 7.3 
0.0% 114 © 038 041 3.6 
2.0% 1.01 015 9.242 24.1 
2.0% 1.71 O17 0210 12.3 
2.0% 1.39 O17 0 246 17.7 
2.5% 2.16 0.38 0 669 30.9 
2.5% 1.79 0.48 0.941 52.7 
5.0% 1.52 0.76 1.827 120.5 








kidney altogether, and the most likely explanation is, of course, that the 
injection of large amounts of a concentrated urea solution led to an 
increase in the concentration of free water in the blood. This particular 
experiment is cited because it clearly shows the improbability of theories 
based on the assumption of renal incapacity. For this rabbit excreted 
during the last period amounts of urea and water equivalent to an 
excretion by a man weighing 70 kg. of over 3,000 gm. of urea and of 
over 200,000 c.c. of water every twenty-four hours. In view of this 
enormous capacity for work in elimination, very definite evidence should 
be required before the hypothesis of a renal incapacity to concentrate is 
seriously considered. 

As a general rule, the introduction of speculations in regard to the 
specialized function of the several components of the glomerulotubular 
element produces only a greater confusion in the consideration of the 
concentrating capacity of the kidney. But in the case of urea we have 
very definite anatomic evidence of its existence in higher concentration 
within the cells of the proximal convoluted tubule than elsewhere in the 
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kidney or in the other tissues of the body. This was first shown by 
Leschke,** with the mercury method, and then by Oliver,’® with the 
xanthydrol method. Oliver’s results have since been fully confirmed 
by several observers.’*® As Oliver has pointed out, any hypothesis to 
account for this high urea concentration within these particular cells 
other than that they are actively engaged in excreting urea from the 
blood, entails highly improbable assumptions, and since the recent phy- 
siologic work of Marshall and Crane ** leads to the same conclusion, it 
would seem that the theory that the excretion of urea is accomplished 
mainly by the proximal convoluted tubule is more firmly based on 
observed fact than are hypotheses in regard to the mode of excretion 
of other urinary constituents. But, though that part of the tubule may 
be the only place where a true secretion occurs, it seems likely that some 
urea passes with water through the glomerulus, and unless we assume an 
impermeability of the glomerulus for urea, or a special secretory activity 
of the glomerular epithelium for urea, for neither of which is there any 
evidence, we must suppose that the concentration of the urea which 
enters Bowman’s capsule is identical with that which exists in the blood. 
Now, under ordinary conditions the urea which passes through the 
glomerulus may be insignificant in amount in comparison with the urea 
which passes in high concentration through the long proximal convoluted 
tubule, but, under the very extreme conditions of the experiment we have 
just cited, this glomerular fraction might become important. When it 
is remembered that a relatively enormous amount of fluid was being 
injected, and that life was only maintained by virtue of the ability of the 
kidney to excrete water at a very great rate, it seems unlikely that any 
appreciable amount of water which had passed into the lumen of the 
tubules from the glomeruli would be reabsorbed into the body again by 
the tubule cells. If this is granted, the volume of urine then becomes a 
measure of the greatest possible amount of water which could have been 
excreted through the glomeruli, the actual amount being less in propor- 
tion to the amount of water which may have passed through the tubule 
cells. And since we know the concentration of urea in the blood during 
each period of urine collection we can determine the amount of urea 
which may have been excreted by the glomeruli during a given time, and 
by substracting this value from the total urea excretion we obtain the 
maximal possible glomerular rate of urea excretion and the minimal 
possible tubular rate of urea excretion. These values have been calcu- 
lated from the data in Table 8 and are given in Table 9. 


14. Leschke: Ztschr. f. klin. Med. 81:14, 1915. 

15. Oliver, Jean: J. Exper. Med. 33:177 (Feb.) 1921. 

16. Stubel: Anat. Anzeig. 54:236, 1921. Piras: Arch. de Fisiol. 20:237, 
1922. Walter: Arch. f. d. ges. Physiol. 198:267, 1923. 

17. Marshall, E. K., Jr... and Crane, U. U.: Am. J. Physiol. 62:330 
(Oct.) 1922. 
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ADDIS-FOSTER—CAPACITY 


The results indicate that only a practically negligible fraction of the 
total urea excretion can pass through the glomeruli, even with large urine 
volumes, so long as the blood urea concentration is not markedly 
increased. But when the blood urea concentration rises to very high 
levels and at the same time the volume of glomerular filtrate is greatly 
iugmented, the proportion of the total urea which is excreted by the 
lomeruli certainly becomes larger and larger until it might conceivably 

ntribute almost half of all the urea eliminated under the unusual con- 
itions of the last experiment. Now it has been demonstrated that 


wider constant conditions the rate at which the same amount of renal 
tissue will excrete urea varies in direct proportion to the concentration of 


rate of urea excretion ee aie Oe 2 
ee — Is a constant. 
blood urea concentration 


hese urea injection experiments were carried through in order to 
etermine whether the kidney would be capable of excreting the very 
large amounts of urea which would be required if the relationship were 


rea in the blood, so that the ratio: 


ate 9.—Calculated Rates of Glomerular and Tubular Urea Excretion per 
Kilogram of Body Weight 











Tubular Blood Urea 





Potal Glomerular 





Rate, Rate, Rate, Concentration, Total Rate Tubular Rate 
Gm. per Gm. per Gm. per Gm. per Ratio: —— - Ratio: ————— 

Hour Hour Hour 100 C.c. Blood Cone. Blood Cone 

O.ON4 0.002 0.042 0.027 1.63 1.56 

0.041 0.001 0.040 0.027 1.53 1.50 

0.242 0.085 0.207 0.149 1.63 1.39 

0.210 0.020 0.199 0.166 27 1.14 

0.246 0.081 0.215 0.174 1.41 1.25 

0.669 0.117 0.5652 0.377 1.77 1.46 

0.941 0.254 0.687 0.482 1.95 1.43 

1.827 0.909 0.918 0.755 2.42 1.22 


to hold when the blood urea concentration was increased from about 
25 to over 750 mg. per hundred cubic’ centimeters. The results showed 
that the kidney did not fail even under this very great and unusual load, 
ior the value of the ratio did not decrease, as would have been the case 
had the rate of urea excretion failed to increase in proportion to the 
increase in blood urea concentration. It will be noted that the magnitude 
of the ratio, which is given in the fifth column in Table 9, not only does 
not decrease, but that on the contrary, it becomes larger. This increase 
in the ratio in the last three experiments, when the blood urea concentra- 
tion had risen to over 550 mg. per hundred cubic centimeters, finds ‘an 
adequate explanation in the actual inconstancy of the conditions which 
were such as to lead to an increasingly important increment of urea from 
the glomeruli, a source which does not follow any direct proportional 
relation to the blood urea concentration, since it varies also with changes 
in the volume of the glomerular filtrate. Although such considerations 
involve an element of speculation, they are supported by the fact that the 
ratios became approximately constant when the possible inconstancy in 
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the conditions is eliminated by calculating them in relation to the tubular 
rates instead of to the total rates of urea excretion '* ( Table 9). 

The fact that there is no evidence that the kidney puts any restric- 
tion on the height to which the concentration of urea in the urine may 
rise gives us no right to assume that it may not limit the depth to 
which urine urea concentrations may fall. Knowing that urea is excreted 
by the proximal tubule in a higher concentration than that of the blood, 
and assuming that the glomerular filtrate has the same concentration as 
exists in the blood, it is clear that the lowest concentration of urea which 
can occur in the urine must be higher than the concentration of urea in 
the blood. The kidney would thus impose a limitation on the degree to 
which urea may be diluted in the urine, a limitation which wouid be a 
result of the mechanism adopted for the excretion of urea. But it may 
be that the elimination of urea is in reality more complicated than we 
suppose. There might, for instance, be a reabsorption of urea from 
the urine by the kidney, or at some part of its structure the kidney 
might be capable of excreting pure water without urea. If either 0: 
these two latter suppositions were correct, we might be able to obtai: 
urine with a concentration of urea which was less than that present i: 
the blood during the period in which it was produced. We have 
endeavored to induce the secretion of such a urine by injecting larg: 
amounts of salt solution or of water into rabbits, or by combining 
these injections with the administration of pituitary extract whic! 
decreases the rate of urea excretion,'’® but we never succeeded in reduc 
ing the concentration of urea in the urine below that of the blood 
During the last ten years we have also made many synchronous observa 
tions of the urea concentration in the blood and urine of patients with 
uremia, but have always found a higher concentration in the urine that 
in the blood. While these negative results do not exclude the possibility 
of pure water excretion or of urea reabsorption, they at least indicate 
that there is no need to complicate a matter which is already sufficiently 
intricate by hypotheses which are unnecessary and on other grounds 
inherently improbable. 

COMMENT 

To anyone who has read this paper in the hope that some new facts 

might be presented which would at least make the subject more concrete, 


18. Addis and Drury (J. Biol. Chem. 55:639, 1923), after many experiments 
on themselves, came to the conclusion that the rate of water excretion had no 
appreciable direct effect on the rate of urea excretion, but in this conclusion 
they overlooked the significance of the experiments we have discussed. In the 
exceptional circumstances of a very marked increase in both blood urea con- 
centration and urine volume, any further increase in the rate of water excretion 
will cause an increase in the rate of urea excretion, because it will add an 
appreciable amount of urea through increased glomerular filtration. 

19. Addis, Thomas, Barnett, and Shevky: Am. J. Physiol. 46:52 (May) 1918. 
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it will be apparent that the really fundamental questions have not even 
been approached. Such questions, however, cannot be formulated now, 
because the elementary facts of observation on which they will be based 
require methods for their determination which are not yet in existence. 
\ first step, for example, is an exact knowledge of the concentrations 
which occur within the cells of the various sections of the glomerulo- 
tubular apparatus, but these concentrations will remain unknown until 
a quantitative histochemical method has been elaborated. But it will be 
admitted that, in our present state of ignorance, it is of some importance 
that no preliminary hypothesis should be accepted without thorough 
criticism, particularly if that hypothesis is used as a foundation for still 
other and wider hypotheses relating to renal physiology or if it is utilized 

explaining functional deviations observed in patients. Ambard’s 














iews on this subject have been accepted and widely used, but we have 
tried to show that the facts from which they are derived can be coordi- 
ited under another hypothesis than his, one which is simpler and more 
accordance with probability, and we have adduced still other facts 
vhich we believe make his position untenable. We maintain that at least 
he superficial aspects of all that we know about changes in the concen- 
ation of urea, chlorids and phosphates in the urine can be explained on 
the assumption that they duplicate parallel changes in the relation 
tween the concentration of these solids in the blood and the concen- 
ation of the free water of the blood. We need not assume any 
incapacity on the part of the kidney itself in order to explain the 
ifficulty experienced in obtaining very high concentrations in the urine. 
[he experiments we have given do not reveal any such incapacity even 
nder the most extreme conditions, and in any case it is an unnecessary 
assumption. We start with the knowledge that, by definition, the 
concentration in the urine depends on the relation between the rate 
of excretion of the substance and the rate of water excretion. Observa- 
tion shows that when the rate of excretion of the substance is much 
increased there is also an increase in the rate of water excretion, and 
that this is the reason why the concentration of a substance in the 
urine never reaches a very high level. It is also a fact of observation 
that any marked increase in the rate of urea or of phosphate excretion 
is invariably accompanied by a marked and proportional increase in the 
concentration of urea and phosphate in the blood. In order to explain 
the increased water excretion which accompanies high rates of excretion 
and which keeps the concentration of urine from rising as high as it 
otherwise might, we assume that any pronounced increase in the concen- 
tration of the substance in the blood is associated with a parallel increase 
in the concentration in the blood of the free water which is available 
for excretion by the kidney. This assumption is not improbable on the 
basis of general physical analogy, but for the present it must remain an 
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assumption because no method has as yet been devised by means of 
which the concentration of free water in the blood can be measured. In 
a paper to be published, observations dealing with the cause of the low 
concentrations of urea found in the urine of patients in the terminal 
stages of Bright’s disease will be given. 


CONCLUSIONS 


1. Experiments on normal human subjects are reported, in which the 
conditions were adjusted with a view to the production of urine which 
would contain the highest possible concentration of urea, chlorids and 
phosphates. It was found that the highest concentration of each of 
these substances was attained when it was given in considerable amount 
and in high concentration to subjects whose fluid intake had been 
restricted. 

2. Experiments on rabbits deprived of water and given large 
amounts of a mixture of urea and sodium chlorid showed that it was 
possible to obtain urine in which there was a high concentration of both 
of these substances. No evidence was found which would suggest that 
the height to which the osmotic pressure of the urine might rise is 
restricted by virture of any limitation in renal capacity. 

3. The widely accepted hypothesis that the kidney is unable t 
excrete urea, chlorid or phosphates at more than certain maximum cot 
centrations is shown to be untenable. 

4. The assumption that concentrations of urea, chlorid and phos 
phate, which approach the highest levels found in the urine, have 
approximately the same osmotic pressure is shown to be contrary t 
observed facts. 

5. It is suggested that changes in the concentration of urea, chlorids 


and phosphates in the urine are produced by changes in the relation 


between the concentration of these substances in the blood and _ th 
concentration of free water in the blood. It is difficult to obtain very 
high concentrations of the urine because a marked increase in the con- 
centration of urea, chlorid or phosphate in the blood is associated with a 
concomitant increase in the concentration of free water in the blood. 





rHE PRESENT STATUS OF THE QUESTION OF THE 
LENGTH OF LIFE OF THE UNAGGLUTINABLE 
TRANSFUSED RED BLOOD CORPUSCLE 


WINIFRED ASHBY, Ph.D. 


ROCHESTER, MINN, 


[saacs,* in a recent publication from the Harvard Medical School 
allied hospitals, has presented data which apparently establish a 
and much needed means of identifying young red blood corpuscles. 
ese cells which appear in the circulation after transfusion, can be 
tinguished by their content of one or more of four kinds of granules, 
which the most important appears to be a comparatively large, non- 
ning refractile body. Isaacs has also quantitatively correlated the 
urrence of granular and reticulated corpuscles to the presence of 
nonagglutinable with serum, containing isoagglutinins against the 
rity of the native cells of the circulation in question. So far as 
ics’ work concerns itself with the significance of the cells containing 
refractile granule, I predict that it may prove a valuable contribution, 
with respect to his conclusions concerning the tenure of life of the 
gylutinable transfused corpuscle I do not agree. 
lsaacs has made a modification of a technic which I introduced 
follow the life of the Group IV (Moss) transfused corpuscle in the 
ulation of a recipient of another group, which is accomplished by 
yvlutinating the recipient's corpuscles with Group IV serum and sub- 
juently counting the remaining unagglutinated corpuscles in a 
ematocytometer. By means of the modification Isaacs considers that 
has shown that the transfused unagglutinable corpuscles disappear 
| are replaced by unagglutinable young cells put into the circulation 
the host. In the two published cases this replacement is complete in 
ur days. 


| consider that Isaacs has not proved his point for the following 


reason: The data in his two reported cases are in gross disagreement 
with my data in which forty-two cases were reported,? and with that 


1. Isaacs, Raphael: Properties of Young Erythrocytes in Relation to 
\gglutination and Their Behavior in Hemorrhage and Transfusions, Arch. Int. 
Med. 33:193 (Feb.) 1924. 

2. Ashby, Winifred: The Determination of the Length of Life of Trans- 
fused Blood Corpuscles in Man, J. Exper. Med. 29:267-281 (March) 1919; Some 
Data on the Range of Life of Transfused Blood-Corpuscles in Persons Without 
Idiopathic Blood Diseases, M. Clin. N. Amer. 3:783-799 (Nov.) 1919-1920; 
Study of Transfused Blood. I. The Periodicity of Eliminative Activity Shown 
by the Organism, J. Exper. Med. 34:127-146 (Aug.) 1921; Study of Transfused 
Blood. II. Blood Destruction in Pernicious Anemia, J. Exper. Med. 34:147-166 
(Aug.) 1921. 
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of Wearn,’® who also worked with this technic, both as to the number of 
unagglutinable cells found after a transfusion and as to the length of 
time that they are found in the circulation. The fact that like group 
transfusions do not produce an increase in the unagglutinable corpuscles 
offers a serious objection to Isaacs’ conclusion that transfused Group IV 
corpuscles are replaced within four days by unagglutinable native cells. 


Moreover, his technic is open to certain objections. 

The most serious obstacle to Isaacs’ conclusion, that after four days 
the unagglutinable corpuscles found in the circulation are the young 
native cells which have replaced the transfused cells, seems to me to be 
the fact that it has already been shown by my data and also by that 
of Wearn that the like group transfusion does not produce this increase 
in unagglutinable corpuscles. As my data show that with the Group IV 
transfusion there is a sustained increase in unagglutinable corpuscles 
which is in proportion to the amount of blood transfused and_ the 
probable blood volume of the recipient, in order to meet this objection, 
we would have to assume not only that the Group IV transfusion 
causes a prolonged stimulation of the bone marrow while the like group 
transfusion does not, but also that the stimulation was so adjusted that 
the number of new cells, produced as a result of the stimulation, con- 
sistently maintained the same relationship in all patients to the amount 
of blood originally transfused, and the blood volume of the recipient. 
Although this is theoretically possible, it is highly improbable, especially 
in view of the fact that I have found no difference in the subsequent 
effect of the two types of transfusion on the rise of the total red count 

In my own reported work are charted thirty-seven instances, and in 
the data of Wearn there are three, in which like group blood was trans 
fused while the unagglutinable corpuscles were being studied, and prac- 
tically no change in the count of unagglutinable corpuscles was found 
to take place following the like group transfusion. In Table 1, I am 
giving in detail the change in the count of unagglutinable corpuscles 
following a series of Group IV and like group transfusions in a single 
case (Case 57, already reported). The case was that of a man in 
Group II with pernicious anemia, which I have chosen because it offers 
an example of all the possible combinations: (1) an initial Group 1V 
transfusion; (2) a Group II transfusion following a Group IV trans- 
fusion; (3) a Group II transfusion after a period of rest; (4) a 
Group IV transfusion following a Group II transfusion, and (5) a 
Group IV transfusion following a group IV transfusion. These combi- 
nations would seem to answer fully any questions that might arise as 
to whether the failure of unagglutinable corpuscles to appear in increased 


3. Wearn, J. T.; Warren, Sylvia; and Ames, Olivia: The Length of Life of 
Transfused Erythrocytes in Patients with Primary and Secondary Anemia, Arch. 
Int. Med. 29:527-538 (April) 1922. 
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numbers after a like group transfusion following a Group IV trans- 
fusion might be due to a change in the bone marrow activity resulting 
from stimulation. It will be seen that after each Group IV transfusion 
there is approximately the same marked rise, while after the like group 
transfusions the counts of unagglutinable corpuscles practically do not 
hange (Table 1). In no instance, either in the studies of Wearn or 

my reported forty-two cases, has there failed to occur a marked 


nerease in the count of unagglutinable corpuscles following a trans- 


1. The Failure of the Count of Unagglutinable Corpuscles to Increase 
After a Transfusion of Blood of the Same Type as That of the 
Recipient, and Its Invariable Rise After a Tranfusion 
of Unagglutinable Blood 
(Case 57, Man, Group IT) 
Count of Difference Between 
Unagglutinable Counts of 
Corpuscles Days Unagglutinable 
for Each After Cells Before 
Cubie Trans and After 
Millimeter fusion Transfusion 
O.oll 


0.479 
0.488 


0.406 3 —),022? 
0.375 

O.354 —H.1r1 
O.385 , -O.018 


—) OO] 


0.100 


fusion with unagglutinable corpuscles, and in no instance, in which a 
like transfusion has been given, has there been found to be any change 
in the unagglutinable corpuscles, except of a slight degree such as 
might be accounted for by legitimate technical error, or, when there is 
a high count resulting from a previous Group IV transfusion, by 
probable change in blood volume. In my opinion this alone disproves 
Isaacs’ contention. 

Isaacs introduces an error into his calculations by computing the 
transfused corpuscles in terms of percentages of the total red count. 
Within a period of a few hours, provided that during that time no trans- 
fusion had been given, it would be fairly safe to assume that no change 
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in the absolute number of corpuscles in the circulation had taken place, 
and that any apparent change was due to blood volume fluctuations. 
Under these circumstances it would not only be permissible, but pre- 
ferable, to base the percentage of the unagglutinable count on the 
total red count, as that would cancel the error due to any blood volume 
change. Over an extended time, however, such as these studies involve, 
it must be assumed that the native cells, which constitute the greater 
part of the total red count, are capable both of entering and of being 
removed from the circulation independently of the unagglutinable 
corpuscles. In Isaacs’ second case, for instance, by the fourth day after 
transfusion, the total red count had increased from 1,000,000 to 2,400,000. 
By basing the change in the number of unagglutinable corpuscles on the 
total red count, he has introduced an error of approximately 140 per 
cent., which, of course, is too great to be permissible. The total red 
count and the count of the unagglutinable corpuscles, whether these are 
regarded as transfused cells or as young native cells, have no necessary 
relationship to one another, and unless within the small changes that 
may fairly be attributed to blood volume fluctuations, the total red 
count remains constant, any estimate of a change in the transfused 
corpuscles that is based on a percentage of the total red count is 
incorrect. 

I have taken the liberty of transposing the percentages given in the 
two cases reported by Isaacs to counts for each cubic millimeter of whole 
blood, and have compared the results obtained by him with my published 
data, and that of Wearn, Warren and Ames. These are included in 
Table 2, which compares the count of the unagglutinable corpuscles 
found in the circulation after transfusion with the amount of Group IV 
blood transfused. In Isaacs’ cases and in all of mine that were not 
emergency transfusions, is given the increase in the count of unagglu- 
tinable corpuscles resulting from transfusion over the initial count of 
unagglutinable corpuscles (Table 1). The initial count of unagglutinable 
corpuscles is the count of the few corpuscles which remain free after 
a pure blood of an agglutinable type has been treated with an excess of 
agglutinating serum. The number remaining free depends partly on 
the potency of the serum, and partly on a quality of the corpuscles 
which makes them more or less agglutinable. As corpuscles deteriorate 
in vitro, for instance, their agglutinability decreases and the number of 
free corpuscles found after agglutination becomes greater; Group III 
corpuscles have been reported to be, in some instances, weakly agglu- 
tinable. In any one subject I have found this initial degree of 
unagglutinability to be rather constant, but different subjects show 
considerable variation, as may be seen from Table 2. In cases of 
obstructive jaundice the agglutinability of the patient’s corpuscles has 
been reduced; the clumps formed have been small and there has been 
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Paste 2—A Comparison of the Degree 


able Corpuscles in Relation to the 
Transfused, as Obtained by Isaacs, with That Reported by 


Wearn, Warren and Ames, and by 


Volume 


Diagnosis Transfused, 
Cc. 
Cases reported by Isaacs * 
Secondary anemia............ 400 
Primary anemia.............. 600 


Cases reported by Wearn, Warren and Ames 





1 Primary anemia. 575 
2 Primary anemia... : : 400 
3 Primary anemia........ 200 
5 Chronie nephritis... . 624 
6 Acute nephritis..... aoa 50 

7 Nephritis............ oi ‘ 250 
8 Nephritis (boy).. 200 

Cases reported by Ashby 

6 Hemorrhage... aes ; 1,200 
7 Secondary ane a a , 5OO 
8 Exophthalmie goiter “a 0 
99 Malaria.. ‘ sceaaiiulsite SOO 
199 Hemorrh: age. canmonts a . OO 
115 Secondary anemia.. xen : OO 
G Anemia (infant)?... ante 2%) 
81 Aplastic anemia. . OO 
7 Primary anemia... : OO 
3 Primary anemia (168 pounds 400 
54 Primary anemia.. 40 
26 Primary anemia.. ‘ 46) 
71 Primary anemia.. ; 499 
89 Primary anemia...... 5OO 
108 Primary anemia.... : noo 
5 Primary amewmia.............. DOO 
91 Primary anemia............ 350 
59 Primary anemia (short, fat) 400 
61 Primary anemia.. 
23 Primary anemia......... 500 
23 Two years later... 400 
73 Primary anemia.. ‘ WO 
&) Primary anemia... : . OO 
6 Primary anemia............ OO 
68 Primary anemia (82 pounds) 500 
21 Obstructive jaundice.. - OO 
56 Obstructive jaundice.. 500 
47 Hyperthyroid.... ¥ 500 
48 Cancer of breast.. , : 500 
76 Secondary anemia..... nO 
25 Obstructive cape OO 
38 Hemorrhage 7. nO 
» Hemorrhage... panes WO 
76 Secondary anemia.. Piianeaeaies 500 
® Colloid goiter (215 pounds). 500 
® Colloid goiter (215 pounds). 500 
9 Malignant pelvic tumor 500 
68 Hemorrhage........... pane OO 
8 Carcinoma of kidney.. OO 
% Hemorrhage. vi HOO 
107 Pernicious anemia... ane 500 
116 Purpura.. (POs nuddeeeees 50 
ie we 





© Carcinoma. ae 


Ashby 


Count of Unagglutinable 


Corpuscles, Millions 





Transfusion Transfusion Difference 











Before After 
a. 0.108 0.236 
b. 0.108 0.273 
c. 0.105 0.209 

Av. 0.105 

a. 0.087 0.170 
b. 0.058 0.096 
Av. 0.069 0.055 
0.536 
0.465 
0.235 
0.624 
atin 0.275 
0.046 0.261 
0.451 
0.088 1.412 
0011 0.391 
0.012 0.495 
0.027 0.451 
0.083 0.500 
0.057 0.692 
0.064 1.199 
0.025 0.478 
0011 0.458 
0.012 0.260 
0.122 0.464 
0.03 0.369 
0.025 0.504 

0.7 62. 

0.015 0.612 

0.045 0.570 

0.058 0.468 

0.069 0.713 
0.061 0.641 
0.080 0.642 
0.067 0.441 
0.086 0.454 
0.115 0.560 
0.698 
1.196 
0. 670 
0.7 20 


0.131 
0.158 
0.104 


0.105 
OAT 
—.014 
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of Increase in the Count of Unagglutin- 
Amount of Unagglutinable Blood 


Days 
After 
Trans- 
fusion 


vi GICo 
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a comparatively large number of free corpuscles before transfusion with 
the Group IV blood, as may be seen in Cases 21 and 55. In cases in 
which a series of transfusions have been given elsewhere previous to 
the examination of the blood, there is the possibility of the presence of 
surviving Group IV corpuscles. Usually the count of unagglutinable 
corpuscles before transfusion with an unagglutinable blood is below 
70,000 corpuscles for each cubic millimeter of blood. 

Case 4 of the eight cases presented by Wearn is not included in the 
tabulation. It was a transfusion of 300 c.c. of Group IV blood from 
a patient with pernicious anemia into another patient with pernicious 
anemia, who was in Group II. Since neither the initial count of the 
unagglutinable corpuscles nor the corpuscle content of the blood which 
was transfused was determined, no conclusion could be drawn from 
it. I included all of my published cases except those that are given 
as instances of the failure of transfused blood to remain in the 
circulation. 

In all of my cases and, with the exception of Case 6, in all of 
Wearn’s cases, there tends to be a 10: 1 relationship between the number 
of hundred cubic centimeters of blood transfused and the number of 
millions of unagglutinated corpuscles for each cubic millimeter found 
in the circulation of the recipient as a result of the transfusion. This 
10: 1 relationship results when the recipient’s blood volume is 5,000 c.c., 
and the count of the transfused blood is 5,000,000. A smaller corpuscle 
count in the transfused blood would decrease the number of unagglu- 
tinable corpuscles found in the circulation, and increase the first figure 
of the proportion; a smaller blood volume of the recipient would 
increase the second figure. In most instances both of these factors 
have operated simultaneously, as the blood used for transfusion was 
diluted by citration, and the patients had a low blood volume. 

In Cases 7, 26, 43 and 50, in which the counts after transfusion 
are exceptionally low, a consideration of the data at hand would indicate 
that this can be accounted for by the higher blood volume of the patients 
and the lower count of the blood transfused. That in these apparent 
exceptions there is a relationship between the unagglutinable corpuscles 
found in the circulation after transfusion and the probable blood volume 
of the recipient, soon becomes evident when a blood volume estimate is 
made from the degree of dilution of the transfused blood as it occurs 
in the circulation, and a blood volume percentage is deduced from it. 
This has been done in Cases 7, 26, 43 and 50, using the following 

= r x T 
equation ; the blood volume per cent. = ——t -, where T is the amount 
of blood transfused; C, the number of corpuscles in the transfused 
blood; U,— U,, the difference between the count of unagglutinable 
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corpuscles before and after transfusion; and W, the weight of the 
patient. The results are as follows: In Case 43 (W = 74, T=0.42, 
C = 4.08, U, — U, = 0.248) the calculated blood volume percentage 
was 8.4. In Case 7 (W=—61.5, T = 0.5, C was assumed to be 4.5 as 
the blood was citrated and the donor was a man, U,— U, = 0.38) the 
calculated blood volume is 9.7. In Case 26 (W=70.5, T = 0.46, 


C == 4.53, U,— U, = 346) the calculated blood volume percentage 
was 8.5. In Case 50 (W = 69, T=0.5; C was assumed to be 4.0 as 
the blood was citrated and the donor was a woman, U,— U, = 0.35, 


(’, assumed to be 0.043) the calculated blood volume percentage is 8.3. 
These are within the blood volume percentages reported as normal by 
the vital dye method.*| They would seem to be probable blood volumes 
for these cases, even for the two cases of pernicious anemia (Cases 26 
and 43), for these patients were fairly well in spite of a low red count, 
and increases in plasma volume have been shown by Keith * to occur in 
cases of pernicious anemia which may more than compensate for the 
reduced corpuscle volume. 

Applying the method of evaluating the counts of the unagglutinable 
corpuscles after transfusion by considering the possible dispersal of the 
blood transfused through the circulation of the recipient to the figures 
given by Isaacs,’ it will be found that they are abnormally small, even 
the first day after transfusion. In the first case® 400 c.c. of blood 
having a count of 5,000,000 was transfused. The patient weighed 50.2 
kg., and the greatest increase in the number of unagglutinable corpuscles 
that appeared after transfusion was 158,000 for each cubic millimeter. 
In order that the transfused blood should be so diluted by the recipient’s 
blood that the count of the transfused corpuscles should be as low as 
this, it would be necessary for the recipient to have a blood volume which 
was 25.2 per cent. of her body weight. In the second case, 650 c.c. of 
blood with a count of 6,000,000 was given. The recipient’s body 
weight was 51.4 kg. and the increase in the count of unagglutinable 
corpuscles, resulting from transfusion, was 105,000 for each cubic milli- 
meter. These figures would indicate that the patient’s blood volume 
was 75.5 per cent. of her body weight. As these blood volume per- 
centages are impossible, it is very evident that the blood corpuscles 
transfused are not accounted for by unagglutinable corpuscles found 
by Isaacs one and two days after transfusion, while in my observations, 


4. Keith, N. M.; Rowntree, L. G., and Geraghty, J. T.: A Method for the 
Determination of Plasma and Blood Volume, Arch. Int. Med. 16:547-576 (Oct.) 
1915. 

5. Keith, N. M.: The Total Circulating Volume of Blood and Plasma 
in Cases of Chronic Anemia and Leukemia, Am. J. M. Sc. 165:174-184 (Feb.) 
1923. 

6. Isaacs, R.: Personal Communication. 
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and | judge in those of Wearn, the transfused blood can be quanti- 
tatively accounted for during many days, from fifteen to thirty after the 
transfusion. 

If Isaacs’ technic is comparable to that used by Wearn and by me, his 
two cases must be abnormal, as an immediate elimination of transfused 
blood is indicated. If an error suggested by Isaacs in my technic, that 
of a retention of the sticky young cells in the tube in which the blood 
is allowed to agglutinate, is a factor, then the discrepancy between his 
two cases and the forty-eight presented by Wearn and by me, becomes 
greater instead of less. 

Isaacs has changed the technic from a macroagglutination technic 
to a microagglutination technic. By the method, as I originated it,’ a 
measured amount of serum and corpuscles was expelled into a Wasser- 
mann tube and shaken during the course of incubation to avoid inclusion 
of the unagglutinable corpuscles in the clumps formed. The time 
given was forty minutes with light shaking every ten minutes, but, as a 
matter of fact, agglutination is complete in a shorter time. After 
agglutination is complete, the free corpuscles are suspended by about 
twenty light shakes, and a sample is placed on the hemocytometer, and, 
immediately after settling, the count is made. By the modification of 
Isaacs, minute amounts of corpuscles and serum are measured; they 
are immediately placed on the counting chamber in which agglutination 
proceeds. By this method agglutination is not always complete in nine 
hours. Since the relative amounts of serum and corpuscles used by the 
two methods are comparable, this great lag in the procedure of aggluti- 
nation must indicate that Isaacs has introduced a new factor. This 
might be the comparative lack of movement of the corpuscles, or it 
might be their tendency to adhere to the glass of the counting chamber 
to which they are greatly exposed. As the corpuscles have an oppor- 
tunity to settle before they agglutinate, any of the young corpuscles 
described by Isaacs as sticky would necessarily stick where they settle, 
so that their failure to agglutinate would be evidence of their stickiness, 
but not necessarily of their unagglutinability. As by my technic I found 
low counts of 30,000 and 31,000 for each cubic millimeter of blood for 
the unagglutinable corpuscles before transfusion, in two cases of hemo- 
lytic jaundice, and as in the latter case the reticulocytes numbered 
270,000 for each cubic millimeter of blood, I do not believe that the 
reticulocytes are intrinsically unagglutinable. Objection may be made to 
Isaacs’ modification of the technic in that the insurance against inclusion 
of the unagglutinable corpuscles derived from transfusion in the clumps 


7. Ice box incubation, which was included in the first description of the 
technic, was immediately retracted, as it was found to introduce irregularities 
attributed to false agglutination. 
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of the agglutinable corpuscles of the patient’s blood has been removed, 
and in that it is not possible, by resuspension, to distinguish between the 
mechanical aggregation which tends to occur in some bloods, and true 
agglutination. 

Since by my technic I have not found these young cells of Isaacs or 
the reticulocytes among the unagglutinable corpuscles after a transfusion 
of unagglutinable blood, and have only found them in the residue of 
native unagglutinable cells in the same proportion in which they were 
present in the whole biood, I do not believe that they have been a 
factor in my data. 

The data on two unpublished cases which came under my observa- 
tion, in which patients in Group I received Group II and Group IV 
transfusions, demonstrate that the type of the “unagglutinable cell” 
changes with the type of blood transfused. The blood of these patients, 
following Group II transfusions, in each case maintained its original 
agglutinability to Group IV serum, but there appeared and remained in 
the circulation for several weeks cells that were unagglutinable to 
Group II serum. One of these patients subsequently received a Group 
[V transfusion, which resulted in an immediate increase in the cells 
which were not agglutinable by Group IV serum. This increase was 
maintained for over two weeks. Since the type of the “unagglutinable 
cell” changed with the type of blood transfused, the possibility that these 
cells were derived from the host would seem to be ruled out. 

So far as Isaacs’ work with the blood of dogs is concerned, I do 
not consider that it is applicable to the question. The existence of 
isoagglutins in the blood of dogs is not established. By those workers 
who consider that they have found them they are admitted to be weak 
and inconstant as to type.’ In my opinion they are unfit for separating 
mixtures of bloods. 

SUMMARY AND CONCLUSION 


Reasons are given, based on a large amount of data already published, 
which I consider prove that Isaacs is incorrect in his conclusion that 
“the use of agglutination in recognizing the cells of a donor in a mixture 
of two bloods in a transfused patient is of little value in from two to 
three days.” 

8. Ottenberg, R.; Kaliski, D. J., and Friedman, S. S.: Experimental 
Agglutinative and Hemolytic Transfusions, J. M. Res. 28:144, 1913. 








DETERMINATION OF THE RESISTANCE OF 
LEUKOCYTES * 
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SAN FRANCISCO 


INTRODUCTION 


Certain constant results have been reported and much interest awak- 
ened within recent years in the study of the fragility of erythrocytes. 
It is not expected that similar findings will prevail in work on leuko- 
cytes, which are regarded as approaching more nearly to typical human 
tissue in structure and function than erythrocytes. 

Academically, the observation and measurement of particular reac- 
tions of leukocytes as an example of living tissue are of definite interest, 
but from the clinical standpoint special attention is aroused by the 
finding of certain reactions by Mauriac, Carbonat and Moureau that 


are claimed to indicate the prognosis of many diseases. 
Mauriac, Carbonat and Moureau' have done the primary work of 
importance in the field of leukocyte fragility. An outline of their work 


follows: 

Mauriac,’ in 1916, devised a technic for the determination of the 
resistance of leukocytes by exposing blood to a hypotonic aqueous solu- 
tion of 0.206 per cent. sodium citrate and 0.3 per cent. sodium chlorid 
concentrations. He renewed the solution frequently because of the 
growth of molds. Three drops of blood were drawn into a Pasteur 
pipet and transferred into 0.5 c.c. of the before-mentioned solution. 
The mixture was then shaken and permitted to stand undisturbed for 
one hour. A clean slide was coated with a film of the suspended cells 
and dried for one-half an hour at room temperature. The preparation 
was stained, unfixed with saturated aqueous solution of methylene blue, 
washed gently in water and dried. The white cells were then counted. 


*From the Medical Services of the Massachusetts General Hospital and 
the George Williams Hooper Foundation for Medical Research, University 
of California Medical School. 

* This paper is No. 34 of a series of papers on the physiology and pathology 
of the blood from the Harvard Medical School and allied hospitals, a part 
of the expense of which has been defrayed by a grant from the Proctor Fund 
for the study of chronic disease. 

1. Mauriac, P.; Carbonat, P., and Moureau, M.: Compt. rend. Soc. de 
biol. 22:816, 1919; Moureau, M.: Récherchés experimentales sur la fragilite 
leucocytaire, Théses de Bordeaux 62:8, 1919; Mauriac, P., and Moureau, M.: 
Compt. rend. Soc. de biol. 83:544, 1920. 

2. Mauriac, P.: Ann. de méd. 3:370 (July) 1916. 


















SAMPSON—RESISTANCE OF LEUKOCYTES 491 
Mauriac was unable to differentiate the type of white cell by this methcd. 
rhe resistant ones appeared clean-cut in outline and the fragile cells 
hazy in form and pale blue. He established an arbitrary “Index of 
Fragility,” namely, the number of resistant cells divided by the number 
of fragile cells. He found a decrease, or higher index, of fragility, 
with or without a leukocytosis in patients progressing to a favorable 
conclusion at certain critical periods in particular diseases, namely, 
immediately prior to (1) the clearing of the spinal fluid in cerebrospinal 
meningitis, (2) the clearing of the marked albuminuria and casts in the 
urinary sediment in nephritis and (3) the crisis in pneumonia. This 
diminution of fragility in cases presenting good prognosis he called an 
“Oscillation of Defense.” Cases of typhoid fever, bronchitis, asthma 
and septicemia were likewise studied, but in these diseases the reactions 
were not so sharply defined as in the before-mentioned group. Other 
types of reactions than the “Oscillation of Defense” were observed. 
Mauriac found that an increased leukocyte fragility, as particularly 
noted in cases without an increasing leukocytosis, at any stage in a 
disease was an indication of poor general resistance and death fre- 
quently occurred. With each relapse of an infection, if the outcome was 
favorable, the fragility of the leukocytes fell, rising again gradually to 
normal as the patient recovered. 

Mauriac, Carbonat and Moureau,’ in 1919, utilized a slightly different 
technic in experimental work on the fragility of leukocytes. They noted 
very slight variation in normal rabbits. They constructed an index of 
fragility, namely, n X 100/N, the “n” representing the number of 
fragile cells and the “N,” the number of resistant cells. They employed 
the following technic: blood was drawn into a standard leukocyte count- 
ing pipet and diluted with an 0.1 per cent. aqueous solution of sodium 
citrate, 0.05 per cent. of sodium chlorid and 0.02 per cent. of methylene 
blue. The pipet was shaken and the cell suspension counted after a 
fixed period. 

Three types of reactions were observed: (1) Succeeding the injection 
of turpentine, antidiphtheric serum, typhoid vaccine or colloidal metals 
in rabbits, Mauriac’s “Oscillation of Defense” was demonstrated in those 
animals which showed favorable progress; (2) succeeding the intra- 
venous injection of neoarsphenamin a leukocytosis was observed accom- 
panied by an increased fragility and the authors suggested some associa- 
tion of this phenomenon with certain arsphenamin reactions in patients ; 
and (3) succeeding the injection of various bacterial cultures and toxins, 
in those cases in which an increased fragility persisted in accompaniment 
with a normal leukocyte count or a leukopenia, the outcome was invari- 
ably fatal. But in the instance of the primary increased fragility 
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shifting permanently to a diminished fragility, all other conditions being 


similar, the outcome was not always fatal. 

For certain reasons, to be outlined below, a modification of the 
methods utilized by Mauriac et al. has been made and used in the 
observations reported in this paper. Since the findings generally agreed 
with those of the before-mentioned investigators, it is not believed that 
these modifications detrimentally affected the results. 


METHOD 


A drop of blood is drawn into a leukocyte counting pipet to the 
mark “1,” and the diluting fluid, consisting of 0.1 gm. sodium citrate 
and 0.05 gm. sodium chlorid to each hundred cubic centimeters of 
distilled water, is drawn up to the “11” mark. The pipet is gently 
rotated while the fluid is drawn up. It is not shaken, but slowly rotated 
while the mixture is blown into a test tube, of from 5 to 8 mm. internal 
diameter and from 3 to 6 cm. in length, which preferably has been lined 
with paraffin. The test tube containing the diluted blood is corked, 
preventing evaporation which would cause an alteration of the concen 
tration, and is then gently agitated for one minute to insure an even 
distribution of the cells throughout the solution. It is then allowed to 
rest undisturbed for exactly two minutes more, during which period the 
same pipet is washed out with water and the barrel refilled to the point 
“1” with 9 per cent. sodium chlorid solution. At the expiration of the 
total three minutes the 9 per cent. sodium chlorid is blown into the 
solution, the entire mixture drawn once into the pipet and then expelled 
into the test tube. One drop of 1.0 per cent. aqueous solution Niagara 
blue or 1.0 per cent. trypan blue is then added to the contents of the 
tube, which is gently shaken once or twice and then recorked. A large 
drop of the solution is taken from the test tube, placed on a smooth glass 
slide and covered with a No. 0 or 1 thickness cover-slip which should not 
contain marked ridges or other irregularities and should measure from 
1.5 by 1.5 cm. to 2.5 by 2.5 cm. The preparation is then rimmed with 
melted paraffin. The relative number of stained and unstained granular 
and nongranular white cells is counted in the proximal, central and distal 
portions of the preparation, running from one margin to the other of 
the cover-slip. The counting is completed within fifteen minutes from 
the time that the blood is diluted. Fragile cells have diffusely blue 
stained nuclei and the resistant cells are colorless and refractile. The 
counting of from two to three hundred white cells is facilitated by the 
ability to disregard erythrocytes through their early laking. The resis- 
tant and fragile white cells are distinctive, and one difficult to classify 
is very rarely encountered, actually less than 1 per cent. 











493 






SAMPSON—RESISTANCE OF LEUKOCYTES 





COMMENT ON METHOD WITH FACTORS CAPABLE OF INCREAS- 
ING THE EXPERIMENTAL ERROR 


















It is appreciated that with the ultilization of whole blood, many 
variable factors are introduced, some of which are later shown to have 
some appreciable effect in varying the number of fragile leukocytes by 
the method outlined in the foregoing. So far as present methods have 
progressed, it is apparently impossible to obtain pure leukocyte suspen- 
sions by the method of obtaining erythrocyte suspension without an 








indeterminate amount of trauma. The magnitude of this factor of 





‘rauma was demonstrated in an attempt to make such a leukocyte cream. 





itrated blood was centrifugated in tubes with long, narrow necks so that 






i relatively high column of leukocyte cream was formed. This was 
pipetted off and suspended in Locke’s solution. While this suspension 
was practically free of serum and erythrocytes, although not free of 






platelets, there were variable numbers of white cells injured prior to 






any exposure to hypotonic solution as determined by the diffuse staining 

f such cells by 1 per cent. aqueous Niagara blue solution. The tendency 
to an increase of the susceptibility of the apparently uninjured cells to 
hypotonicity was a definite possibility not determined here, but present- 







ing another variable factor. 

Pappenheimer * showed, in his work on rat lymphocyte suspensions, 
that certain colloids had a protective action on the cells when exposed 
to hypotonic Locke’s solution. Table 4 summarizes the work that 
was done by me with 1 per cent. gelatin, Niagara blue, and acacia, 
in hypotonic sodium chlorid solution. In these experiments on human 
blood cells, gelatin and Niagara blue were active in the prevention of 
the destruction of cells in the hypotonic salt solutions. Pappenheimer 
included serum among the protective substances. By assuming a parallel 
situation in vivo it is possible that individual fluctuations in the proteins 
of the blood may be important factors, causing irregular determinations 
in investigations on the fragility of leukocytes which are not freed from 
erythrocytes and plasma. The control of the exact influence which 
these factors have on the fragility determinations must be left for future 












investigation. 

The cell reactions to a hypotonic solution are complex phenomena 
depending on (1) the constituency and permeability of the cell mem- 
brane, (2) the difference in osmotic pressure of the solution and the } 
protoplasm, and (3) certain other factors of vitality of the individual 
cell such as possibly a variation of the expansibility of the cell membrane | 
causing it to burst at a certain point of distention. Much work has 
been done by Osterhout, Lillie, Overton, Loeb, Kuhne (quoted from 











3. Pappenheimer, A. W.: J. Exper. Med. 25:633 (May) 1917. 
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Bayliss *) and others, in the determination of the general properties 
of protoplasm and cell membranes. As in the instances of the erythro- 
cyte fragility, it is assumed that there are undetermined vital factors 
of resistance which are variable. Such factors may eventually be 
explained on the basis of known physical and chemical properties in 
which the resistant and the fragile cells differ. Such may be compared 
to the way in which other processes, as, for example, the fertilization of 
ova, formerly explained by purely “vital” factors, have been partially 
established on a definite physical or chemical basis. 

The succeeding technical factors discussed, namely, physiologic 
balancing of a solution, toxicity of the anticoagulant, and trauma, are 
apparently well controlled by their exact duplication with each leukocyte 
fragility determination, and may therefore be disregarded in comparison 
of various results in which the same technic is employed. 

1. For simplicity a solution of sodium citrate in a solution of 
sodium chlorid has been used, even though this introduces injurious 
influences other than those involved in the use of a physiologically 
balanced hypotonic solution. Ringer,’ Locke * and others have shown 
the importance of a balanced solution in the maintenance of living tissue, 
and Pappenheimer showed that fewer lymphocytes were destroyed by 
exposure to hypotonic Locke’s solution than in dilute sodium chlorid. 

2. Unger,’ Drinker * and others have shown the existence of a slight 


toxicity for human cells of dilute sodium citrate solutions. It is one of 


the least toxic of anticoagulants, however, and is here used in the mini- 
mum concentration, namely, 0.2 per cent., to prevent clotting ( Mauriac, 
Carbonat and Moureau'). 

3. The amount of handling and the kind of instruments used must 
be constant. Evans® has shown that very slight mechanical trauma 
destroys living cells in vitro. Having minimized the trauma, the stan- 
dard is carefully maintained. 

The percentage of sodium chlorid in the diluting solution, namely 0.5 
per cent., agrees with that of Carbonat, Mauriac and Moureau. This 
percentage was determined independently in the present work, as shown 
in Table 1. The objective in fixing this sodium chlorid concentration 
was the establishment of a normal ratio of injured to uninjured cells. 
This ratio should shift in either direction to a maximum degree with 


4. Bayliss, W. M.: Principles of General Physiology, New York, Longmans, 
Green & Co., 1920, chapter V. 

5. Ringer, S.: J. Physiol. 4:222, 1882-1883. 

6. Locke, F. S.: Zentralbl. f. Physiol. 15:490, 1901. 

7. Unger, L. J.: The Deleterious Effect of Sodium Citrate Employed in 
Blood Transfusion, J. A. M. A. 77:2107 (Dec. 31) 1921. 

8. Drinker, C. K., and Brittingham, H. H.: The Cause of the Reaction 
Following Transfusion of Citrated Blood, Arch. Int. Med. 23:133 (Feb.) 1919. 

9. Evans, H. M.: Personal communication. 
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abnormal specimens. The time of exposure of the cells to the solution 
should be long enough for convenience in handling and short enough 
to precede the distintegration of the dead cells. Three minutes’ exposure 
and a solution of 0.05 per cent. sodium chlorid was considered the 
optimum ratio. 

Hypotonicity offered an ideal injuring medium, from the standpoint 
that the duration of its activity may be easily controlled. At the end 
if the desired period, to the amount of one-tenth of the total volume of 
the solution, 9.0 per cent. sodium chlorid was added by measuring it in 
the barrel of the same white cell pipet. This brought the entire concen- 
tration of sodium chlorid to approximately 0.9 per cent. This is recog- 
nized as approximately isotonic for human tissue, and in such a solution 
it was found that a sealed blood cell suspension did not alter in per- 


TABLE 1.—Factors Determining the Destruction of Leukocytes with Hypotonic 
Solutions. Effect of Time at Various Concentrations of Sodium 
Chlorid in an 0.1 Per Cent. Sodium Citrate Solution 


Concentration of Percentage Destroyed in 

Sodium Chlorid, —_--—— - nn a —-- 
per Cent. 3Min. 5SMin. 10Min. 15Min. 20Min. 30Min. 40Min. & Min. 

OD axqseciunsstscictsxcass Se 93.0 96.5 100.0 

Csintvessenccsvesiaesss See 4.0 97.0 100.0 — Sone 

0.04 pian oa» we 90.2 2.4 93.4 97.0 100.0 sane 

Eee eee 67.8 S44 e 89.8 92.6 100.0 cone 

0.06 44.0 65.6 69.9 2. 76.0 81.2 81.2 82.5 

0.08 ere 28.4 39.6 40.5 L 57.5 ®.4 6.0 

0.10. eat wees; 32.4 34.6 : ven awn owe 


— 





67.2 


The range of experimental error, as may be noted from fluctuation in counts on the same 
normal (Table 6), is greater than the apparently negative variations in Table 1, i. e., 
0.06 per cent. in 10 minutes and 15 minutes. 
centage of injured cells over 3 per cent. in two and a half hours. Leuko- 
cyte pipets furnish a ready source of accurate measurement of these 
small volumes, although at no time in this technic is the pipet used, as 
in blood counts, for shaking and distributing the cells because of the 
unquestioned trauma which the glass bead would inflict. 

Nontoxic dyes, such as Niagara blue or trypan blue,’® are desirable. 
These dyes readily stain the nucleus of injured or dead cells. The dense, 
diffuse staining of a cell nucleus is a fairly well accepted criterion of 
fatal injury of a cell. These benzidine dyes stain vitally only to a 
slight degree, if at all, and are so relatively nontoxic that they may be 
added in a concentrated aqueous solution. Thus, only a small volume 
of dye solution is necessary, in order to have an effective content of dye 
in the entire mixture for the rapid staining of cells without increasing 
the volume appreciably. The only disadvantage encountered in increas- 
ing the total volume of the mixture is dilution of the cell suspension 
which would prolong the period of counting. 


10. Evans, H. M., and Shulemann, W.: Science, New York, 39:433, 1914. 
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The chance irregular distribution on slightly ridged slides and cover- 
slips of cells whose elasticity, power of adhesion and size unquestionably 
differ markedly, necessitates the counting in several regions of the 
preparation. The importance of not injuring the cells through evapora- 
tion and increase of the concentration of the solution necessitates the 
sealing of the preparation by petrolatum, or preferably melted paraffin. 
The solvents necessary to remove petrolatum or paraffin from glass 
dissolve the cement in most types of counting chambers, which precludes 
the routine use of these in place of plain slides. 

All the glassware must be scrupulously cleansed in distilled water 
and dried prior to using, since small deposits of sodium chlorid and 
probably other soluble substances will materially affect the final results. 
The sodium chlorid and sodium citrate diluting solution must be kept 
on ice when not in use and renewed once a month. 

Three factors liable to affect the destruction of the cells were im 


tigated in the following brief experiments : 


TapLe 2.—Effect of Temperature Variation During the Exposure of the Bl 
to the Hypotonic Solution 


Percentage of Cells Percentage of Cells 
Destroyed with Destroyed with 0.9 
Hypotonie Solution, Sodium Chlorid Solution 
Temperature, C per Cent. (Control), per Cent. 
1: , 32 0.5 
4 ~: w 1.0 
35 = SD 00 
45 % 00 


l. The Effect of Temperature.—The glassware and solutions were 
brought to the temperatures noted in Table 2 and the technic carried 
out at these four temperatures. The increase of cell injury with higher 
temperatures was definitely observed. Therefore, to be comparable, all 
determinations of leukocyte fragility should take into consideration 
temperature variation. 

In the following determinations on both normal and pathologic cases, 
the temperature of the room in which the tests were made varied within 
a few degrees of 25 C. 

2. Effect of Hydrogen-lon Concentration of the Diluting Solution — 
The concentration of sodium ions and chlorin ions was kept approxi- 
mately at 0.05 per cent. but the py was varied by the admixture of 
sodium hydroxid and hydrochloric acid. The results in Table 3 show 
a relatively slight variation, with the minimum fragility demonstrated 
in solutions of hydrogen-ion concentration from px 7.6 to pu 8.4. After 
the addition of blood the mixture was necessarily buffered and conse- 
quently not the pu noted in the table; for example, diluting solutions of 
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pu 8.4 and pu 6.4 when mixed with blood (py 7.45) ** in the proportion 
before mentioned gave final determinations of pu 8.17 + and py 6.57 + 
s determined by the electrometric method. 

it has been observed that the pa of the diluting solution would 
change on long standing in ordinary glassware from 6.8 to 8.3. It is 
herefore necessary to keep the diluting solution in a flask of hard 


glass, or one lined with paraffin. 


TABLE 3.—Effect ot Verying the pu of | the Diluting Hypotonic Solution 





reentage of cells - 
estroyed 56.0 52.0 52.0 MO 48.5 4.5 1.0 48.5 42.0 38.0 


* By indicator dye method. 

Flectrometric determinations of th pu of the 
e hypotonic diluting solutions were 8.4 and 64, was respectively 
lutions of pu 8.4 and pu 6.4 were additional solutions not used in the 

efore pu 64 does not appear in this table. 


blood solution mixtures when, for example, 
8.1 and 66 These two 
foregoing series and 


3. The Protective Action of Certain Colloids (Table 4).—It was 
rst found that if 1 per cent. Niagara blue was added a the blood at 
the same time as the diluting solution, only from 20 to 25 per cent. of 
the cells would be injured, instead of approximately 50 per cent., 
Uthough the actual concentration of the sodium chlorid was diminished 
by the increase of the total volume. 

This phenomenon suggested my repetition of Pappenheimer’s work 
on the protective action of certain colloids, which has been previously 
liscussed, and is summarized in Table 4. 


Taste 4.—Effect of Certain Colloids in Protection of Leukocytes from 
Destruction by a Hypotonic Solution 


Percentage of Cells Destroyed with Three Minute Exposure 
on Two Different Days (a) and (b) 
.= 





Gelatin Acacia Gum Niagara Blue 
~ —_ mee _ ey 








a b a b a b 
Per Cent. Per Cent. Per Cent. Per Cent. Per Cent. Per Cent. 


Standard hypotonie solution 
containing 1 per cent. of the 


GE conven si 46en sk inekien 36 29 46 44 26 22 
Standard hypotonie solution 
CIOs cscs oxcesevesse 4s 51 48 49 48 51 


A similar protective action of a foreign substance was assumed in 
the following observation. 

In using solutions from paraffined flasks, kept at room temperature 
for one week, there was a drop of from 54 to 36 per cent. of fragile 
cells in the resistance determinations on the same blood, at the beginning 
and at the end of the week, respectively. In this solution a heavy 


} 11. Clark, W. M.: MHydrogen-Ion Concentration, Baltimore, Williams & 
Wilkins, 1920. 
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growth of bacteria, largely of the B. fecalis-alkaligenes type, was found 
Therefore, it was assumed that the actual bacteria or the products of 
their growth had a definite protective action. 

The effect of the two before-mentioned factors, namely, hydrogen- 
ion concentration and protective action of growing bacteria, was proved 
by the entire absence of change in the destructive power of the solution 
when kept in paraffin lined flasks, which were constantly maintained in 
a refrigerator at about 10 C. 


DETERMINATIONS ON NORMAL AND PATHOLOGIC BLOOD 


Mauriac was unable to demonstrate by his technic the ratio of the 
various types of leukocytes destroyed. It is obvious that in certain 
instances the resistances of the different types of white corpuscles woul: 
be at variance. It is believed with the use of the technic herein outlined 
that, with moderately careful inspection, both in the case of the resistant 
forms and of the fragile forms, the coarsely granular myeloid cells may 
be differentiated from the finely granular lymphoid and large mononu- 
clear cells. In two healthy men the ratios of coarsely granular cells to 
finely granular cells, among the resistant cells and the fragile cells of the 
same preparation, agreed very closely. Likewise, these were approxi 
mately the same ratios as the number of myeloid to other cells in 
Wright’s stained smears of the same blood (Table 5). Similar deter- 
minations were made on one case of lobar pneumonia and on one of 


Tasie 5.—Normal Ratio of Coarsely Granular Myeloid Group to Finely Granular 
Large Mononuclear and Lymphoid Cells in the Fragile 
and im the Resistant Cells of Two Normal Adults 


Total Leukocytes 


Resistant Cells, Fragile Cells, (Fixed Blood Film) 
Case per Cent. per Cent. per Cent. 
0 SEE erres perenne ree oe Of Le 65 
+Other cells... nesnesns 7 36 38 a 
eee ae 58 62 66 
 acinet-ou ce cdekeeetwed 2 3 34 





chronic lymphatic leukemia, but in both these instances, as in the two 
controls, it was impossible to demonstrate a selection of a particular 
group of cells as being less resistant than the other. 

The establishment of what is to be considered the figures for the 
percentage of fragile leukocytes has been only partially accomplished, 
as may be gathered from the rather wide variations obtained. Table 6 
summarizes the findings on normal subjects. The subjects used were 
eighteen healthy adults, thirteen men and five women, between the ages 
of 21 and 35. Apparently from 45 to 55 per cent. of fragile cells may 
be considered the normal average, with 43 and 63 per cent. as the 
extremes. Daily and hourly fluctuations were observed in two subjects, 
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Cases 1 and 2, but the cause of these individual fluctuations is still to 
be learned, and perhaps may be associated with such total leukocyte 
fluctuations as occur following the taking of food. 
TABLE 6.—Determinations of Percentage of Fragile Cells in Normal Adults, 
Utilizing the 0.05 Per Cent. Sodium Chlorid—0.1 Per Cent. Sodium 


Citrate Solution with Three Minute Exposure * 


Percentage of 


Case Sext Fragile Cells 
Raine ee ee gals rol 70 determinations; minimum, 
44%; maximum, 62%; daily 
fluctuations within 10%; 
only 8 determinations wert 
above 55% or below 40% 
2. ¢ 54, 47, 52 
3. 9 53 
Qscééas o 58 
Divatsstnvaninscebsadeceunsenassanwannanes oe & 
6 ref 45 
Wasa c 43 
Rises g 55 
9. é 4u 
_ SESS SE ae ee ae PR ee Jd 58 
BBscevascwavessacosscedenss ? 52 
_ ae roi 49 
DichnGudndnennss¢.dnsnngaen ref 53 
Mba SccaWendd oKCSCHREM NESSES Cu adeh Sethe Dawents roi 1 
Di ecdenciewadnbdssbadasedeedsstacere sueeeasacee z 51 
[iawsaedekverendsbarsndectandiewensersecdes rol p 
Dee eactennihiwdddctsestenOadevecensceenieee fof 2, 54 
TR a saa pekvaw id veedacecendadanc ee é , 


* Repeated determinations were made on different days except in several of the deter- 
minations in Case 

+ In this column, @ indicates female, ¢ male. 

Tabie 7 shows the pathologic cases studied. In the cases of perni- 
cious anemia the fragility tended to vary inversely with the hemoglobin. 
The exception to this is Case 1, whose low resistance may be inter- 
preted as a prelethal phenomenon. 

With the leukocytoses due to infection especially, as shown in the 
pneumonia cases, there occurs an increased resistance of the recently 
extruded and relatively young leukocytes which the healthy blood- 
forming organs have sent out. This is Mauriac’s “Oscillation of 
Defense,” and whereas the leukocyte resistance has not been traced 
throughout the course of the disease, its subsidence with recovery in 
the Cases 12 and 13 indicates that it probably follows the same curve 
as Mauriac has traced and found to vary inversely as the absolute 
leukocyte count. It is especially important to note, as suggesting neg- 
ative evidence in the use of leukocyte fragility as an aid in determining 
prognosis, that the two fatal cases showed an increased resistance when 
compared to the normal cases, and as such may be said to have had an 
“Oscillation of Defense.” However, it is definitely demonstrable that 
none of the pneumonia patients recovering, showed a fragility of over 
30 per cent. cells destroyed, while both of the fatal cases gave a greater 
percentage of cells destroyed. It must therefore be considered possible 


ee 


ae 


= 
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to fix an arbitrary normal fragility for certain diseases with certain 


degrees of leukocytosis, which, if exceeded, will in all probability be 
indicative of a poor prognosis. 


Taste 7.—Leukocyte Fragility in Adults with Certain Diseases 


A. Cases of Pernicious Anemia 


Percentage Hemo- Erythrocyte Leukocyte 


Fragile globin, Count, Count, 
Case Cells per Cent. per C.Mm. per C.Mm Miscellaneous Features 

l 89.7 15 ee ee ind One day prior to death (no evidence 
of blood regeneration at this time 

66.0 30 2,100,000 4,300 

3 60.0 40 ee ocees 

4 52.0 24 eecscoene sess 
5 WO is 848,000 3,700 Blood film shows 14% fragmented 


white cells 


B. Cases with Secondary Anemia 


6 27.0 40 jana ‘ Post hemorrhage 

Ist day 4.0 a” a Sudden anemia after aspidium ther 
apy for T. saginata; blood crisis 
with 14,000 per c.mm. Ducleated red 
cells, 30% reticulated forms and 
many immature white cells 

3d day 60 

Sthday 38.0 : 

ithday 42.0 ‘ Gradual clearing of malaise wit! 
diminishing numbers of immaturr 
red cells in ten days though | 
change in hemoglobin 

Sthday 45.0 ey) a — Continued improvement 


C. Cases of Leukemia 


Percentage Hemoglobin, Total Leukocyte 


Case Fragile Cells per Cent. Count Miscellaneous Features 
8 75.0 45 150,000 Acute myelogenous leukemia (?) 
v 22.0 se 86,000 Chronie myelogenous form in leuken 
phase 
27.0 ea 4,800 Aleukemic phase 


(one month later) 
10 34.0 45 1,280,000 Chronie lymphoid leukemia 


D. Cases with Leukocytosis 


ll 27.0 40 19,800 Nephritis, subacute 
12 Ist day 18.0 sO 31,400 Lobar pneumonia 
hd day 18.0 s» 20.400 
6th day 48.0 16,800 During lysis 
14 Ist day 22.0 80 10,000 Lobar pneumonia (resolving) 
2d day 28.0 - epenca 
4thday 40.0 8,200 After crisis 
“4 39.0 5 17,800 Lobar pneumonia complicated by mis- 
carriage, death succeeding second day 
15 32.5 (77% 8 19,800 Lobar pneumonia; death on succeed 
myeloid type, ing day 


coarsely granular) 
17.0 ~ 24,000 Lobar pneumonia; eventual recovery 


The two instances of secondary anemia, Case 6 due to hemorrhage, 
and Case 7 probably due to a hemolytic toxin, showed the increased 
resistance expected with the content of recently extruded and probably 
relatively young cells in the blood stream. This is better shown in 
Case 7 than in Case 6, wherein a gradual return to normal ccurred 
concomitant with the fall in numbers in what are recognized as young 
forms of erythrocytes, namely, reticulated cells. 
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The two patients with a chronic type of leukemia demonstrate the 
ime reaction as the infection leukocytoses, as would be expected from 
heir exhibition of largely mature cells in the peripheral blood. The 
singe case of acute leukemia suggests the point, that in persistent, 
rapid expulsion of cells, the resultant forms are generally extremely 

mature, and as would be expected, are of poor resistance. 

In these cases the bearing which the degree of leukocyte fragility 
is On prognosis is not especially striking, but certainly worthy of con- 

leration. To establish the generalizations regarding the estimation 
prognosis which are drawn by Mauriac, Carbonat and Moureau on a 
rm basis, it is necessary to prove the existence of the two major 
remises on which the generalizations depend. These are: (1) that the 
tion of living cells to an artificial, unfavorable environment will 
semble their reaction to the natural injurious agent of the disease 
der consideration; (2) that a certain tissue, the leukocytes in this 
stance, will parallel the resistance of other body tissues perhaps more 
tally concerned in the maintenance of the proper functioning of the 
tire structure. This has not been done in this work. Therefore 
‘conclusions are drawn reservedly on the basis of a certain constancy 
{ results, which suggests the existence, at least in part, of the foregoing 
emises. 
SUM MARY 

1. A technic has been developed for the determination of the 
ragility of leukocytes by the microscopic examination of a measured 
mount of blood, which has been exposed to a hypotonic sodium chlorid, 

sodium citrate solution for three minutes and then stained with Niagara 
blue or trypan blue. The technic is believed to be of greater accuracy 
than the one described by Mauriac, Carbonat and Moureau and to be 
applicable clinically through its simplicity. 

2. Certain influences liable to cause error have been investigated. 

It has been shown that the hypotonic sodium chlorid, sodium citrate 
solution must be kept continually on ice to prevent bacterial growth; that 
the determinations should be done at a constant temperature, preferably 
about 25 C., and that the solution should be kept in paraffin lined, or 
hard glass flasks to prevent alteration of hydrogen-ion content. It is 
appreciated from the protective influences that certain colloids, such 
as gelatin and Niagara blue, have on the leukocytes in hypotonic solu- 
tion, that the variable constituency of the blood plasma may possibly 
play an indeterminate part in some of the results obtained; but it is 
impossible at present to obtain pure cell suspensions free of plasma 
without excessive trauma to the cells. 

3. An attempt has been made to establish a normal percentage of 
fragile leukocytes. In fifteen adult males and three adult females under 
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probable constant conditions, there was a variation of from 43 to 63 
per cent. of the fragile leukocytes, with 86.6 per cent. of the ninety 
determinations occurring between 45 and 55 per cent. 

4. In six cases of lobar pneumonia with leukocytosis there was a 
marked reduction of fragility of the leukocytes in the four patients who 
recovered, and only a moderate reduction of the fragility in the other 
cases which terminated fatally. 

The leukocyte fragility of five cases of pernicious anemia differed 
very slightly from the normal, except in a single patient shortly preced- 
ing death who showed increased fragility. 

In acute and chronic myelogenous and chronic lymphoid leukemias 
an increased resistance was noted, except where many immature leuko 
cytes were found in the peripheral blood when the resistance was 
decreased. 

Two otherwise dissimilar cases, showing the common finding of 
severe secondary anemia in a stage of active regeneration, while sending 
out many young cells, demonstrated an increased resistance. 


CONCLUSIONS 


White blood cells recently delivered into the circulation have an 
increased resistance, excepting presumably, according to the present 
criteria of morphology, immature cells such as occur in acute leukemia. 
In patients who succumb to an infection or intoxication, there is evidence 
that the increased resistance is less marked than in those patients who 
are holding the infection or intoxication in check or overcoming it. 

This partially confirms Mauriac’s “Oscillation of Defense,” which 
promises to be an additional factor in arriving at a prognosis in at least 
some of the acute, infectious diseases. 














THE INTERPRETATION OF INCREASED BLOOD 
URIC ACID IN HYPERTENSION * 


ARTHUR M. FISHBERG, M.D. 


NEW YORK 


REVIEW OF THE LITERATURE 


It has been known for over a century that, after nephrectomy, urea 
accumulates in the blood,* and Bright (1834) was aware that this occurs 
in the disease first described by hitu. That uric acid may be increased 
in nephritis was discovered three-quarters of a century ago by Garrod * 
with the aid of his naive string test. Our modern knowledge of the 
blood chemistry in kidney disease was inaugurated when Strauss * 
demonstrated that the total nonprotein nitrogen of the blood is increased 
in asthenic uremia, and Widal* showed that the blood urea rises in 
this condition. Successful study of the constituents other than urea 
which make up the nonprotein nitrogen could only be carried out, after 
methods for their quantitative determination in small quantities of blood 
had been developed by Folin and his co-workers. It was then found 
that uric acid and creatinin also are often increased in renal insufficiency 
Myers, Fine and Lough ® believe that in progressive failure of renal 
elimination the first of the nitrogenous substances to be retained is uric 
acid, then urea, and only when the impairment of renal function becomes 
very marked does creatinin accumulate in the blood. In their opinion, 
an increase in the uric acid content of the blood in the presence of 
normal urea and creatinin values is an indication of beginning renal 
insufficiency, leukemia, gout, etc., of course, being excluded. Kraus ® 
also regards the uric acid level of the blood as a fine indicator of reten- 
tion, resulting from contracted kidneys. This view has found favor 
with French authors,’ who speak of “l’uricémie d’alarme” which pre- 
cedes urea retention. 

The occurrence of an isolated uric acid retention as a precursor 
of the retention of other substances would be of both practical 


* From the Medical Service of the Montefiore Hospital. 

1. Prevost and Dumas: Ann. de Chimie et de Physique 23:1821. 

2. Garrod: Med.-Chir. Trans. 31:83, 1848. 

3. Strauss: Die chronischen Nierenentztindungen in ihrer Einwirkung aut 
die Blutfliissigkeit. Hirschwald, Berlin, 1902. 

4. Widal and Javal: Compt. rend. Soc. de Biol. 55:1639, 1903. 

5. Myers, V. C.; Fine, M. S., and Lough, W. G.: The Significance of the 
Uric Acid, Urea and Creatinin of the Blood in Nephritis, Arch. Int. Med. 
17:570 (April) 1916. 

6. Kraus: Deutsch. Arch. f. klin. Med. 138:340, 1922. 

7. Jeanbrau, E.; Cristol, P., and Nikolitch, S.: J. d’ Urol. 15:249 
(April) 1923. 
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and theoretical interest; of practical interest because it would 
furnish a very early warning of impending uremia, and of theo- 
retical interest because it would unequivocally demonstrate that one of 
the “partial functions” of the kidney (that of uric acid excretion) can 
be damaged while the others, which are apparently vested in the same 
cells, remain intact. Quite obviously, a rise in the uric acid level of 
the blood does not necessarily mean that the ability of the kidneys to 
excrete this substance has been diminished. Thus the heightened uric 
acid content of the blood so often seen in leukemia is certainly to be 
attributed to the increased destruction of nucleoproteins and not to 
defective elimination. In the same hypertensive subjects who show an 
increased uric acid content of the blood, hyperglycemia is often to be 
found, which cannot be due to renal insufficiency, for the urine does 
not normally contain appreciable quantities of sugar, but must be 
explained as a derangement of carbohydrate metabolism correlated with 
the hypertension (hyperadrenalinemia [?], pancreatic arteriosclero- 
sis |?]). Upham and Higley * found that in “early chronic interstitial 
nephritis” the ratio of the amount of uric acid in 100 c.c. of urine to 
that in an equal volume of blood is below normal. They state, however, 
that “in early chronic interstitial nephritis the height of the blood uric 
acid increase is not a guide to the degree of impairment of the renal 
concentration power.” Hitzenberger and Richter-Quittner ® studied the 
purin metabolism in two cases of essential hypertension with a normal 
blood urea but much increased uric acid in the blood. They found the 
endogenous factor to be slightly above normal, while any exogenous 
factor was promptly excreted, thereby demonstrating that the high uric 
acid content of the blood was not due to impaired excretion of this 


substance by the kidney. 
CLINICAL MATERIAL STUDIED 


We have studied the uric acid content of the blood in 110 cases of 
chronic hypertension. All of these cases were of the types ordinarily 
termed essential hypertension or chronic interstitial nephritis. Each had 
a diastolic blood pressure of 100 mm. of mercury or more. Blood uric 
acid values of 3.5 mg. per hundred cubic centimeters (determined by 
the method of Folin and Wu) were considered as presenting a hyper- 
uricemia. Of the 110 cases it was found that forty-four, or 39 per cent., 
had 3.5 mg. or more of uric acid per hundred cubic centimeters of blood. 


8. Upham, Roy; and Higley, H. A.: A Study of the Renal Concentration 
Power for the Uric Acid in Early Chronic Interstitial Nephritis, Arch. Int. 
Med. 24:557 (Nov.) 1919. 

9. Hitzenberger, K., and Richter-Quittner, M.: Wien. Arch. f. inn. Med. 
2:189 (Feb.) 1921. 








FISHBERG—HYPERTENSION 505 


ighteen of these forty-three patients also had a blood urea nitrogen of 
over 20 mg. per hundred cubic centimeters. In the remaining twenty- 
five, constituting 27 per cent. of all not showing urea retention, the blood 
uric acid was 3.5 mg. or more per hundred cubic centimeters, while the 
irea nitrogen was under 20 mg. per hundred cubic centimeters. These 
itients with an increase in uric acid in the absence of urea retention 
e listed in the table. 

These patients all suffered from the so-called essential hypertension, 
me being admitted to the hospital for any complaint due to renal 
sufficiency, but for the results of cerebral vascular accidents, myo- 


< 
Pa 


Patients With Increased Urie Acid 


Urea Uric 
Blood Nitrogen Acid Sugar 
Diagnosis Pressure Mg./100 Mg./100 Mg./100 
Ce C.e. C.e 
Hypertension, general arteriosclerosis 190/120 18.2 4.5 110 
Hypertension, cerebral hemorrhage . 210/118 11.4 5.1 151 
Hypertension, pulmonary emphysema 188/105 19.6 4.1 128 
2 ere 210/105 19.8 4.2 
Hypertension, general arteriosclerosis 190/105 14.4 4.5 118 
Hypertension, cerebral hemorrhage . 26) 160 13.4 5.1 103 
Hypertension, angina pectoris .... 240/110 98 8.1 
Hypertension, cerebral hemorrhage . ‘ 205/130 95 4.5 RP 
) Hypertension, encephalitis (residual) . 910/125 15.1 67 113 
0” Hypertension, pulmonary emphysema .... 170,120 7.2 5.0 9s 
1 Hypertension, cerebral hemorrhage, dys- 
PItICATBAM...0.0..cccccccvescsccrscoses 225/110 13.7 3.8 122 
Hypertension. terminal cresol pojsoning 
GEE oc vncsesesccasinsesdecirescoevccess 200/110 12.8 5.5 
Hypertension, diabetes mellitus .......... R 175/120 16.5 44 1% 
4 Hypertension, cerebral vascular accident.. 240/130 2.7 3.7 124 
Hypertension, diabetes mellitus ..... sie tea 195/100 15.5 3.5 162 
Hypertension, cerebral hemorrhage ........ 250,140 15.1 4.0 129 
Hypertension, diabetes mellitus, gangrene.. 199/110 8.9 5.5 328 
13 Hypertension, chronic cardiovascular dis- 
GI sik hniegscdde nccnteviadacercssstsnienss 176/100 14.6 48 121 
19 Hypertension, general arteriosclerosis ...... 200/104 19.0 3.5 124 
‘) Hypertension, diabetes mellitus .......... 240/100 16.4 5.7 350 
1 Hypertension, adhesive pleurisy .......... 199/110 18.2 4.6 1 
2 Hypertension, mitral stenosis, auricular 
IR: wits wicbsssc0ncirestacwetenss . 254/130 15.2 5.2 aS 
} Hypertension, myocardial degeneration . 152/120 10.9 3.8 14 
+ Hypertension, cerebral hemorrhage, myo- 
COPGIAl GOBEMETACIOR ...ccecccccecscvccccs 200/110 9.8 4.2 91 
Hypertension, mitral insufficiency.......... 200,105 15.8 5.2 


cardial insufficiency, diabetes, etc. Of the twenty-five patients only 
one developed uremia. This was Case 24. The patient, about three 
years after the above blood analysis was made, went into sudden coma 
which was diagnosed as “acute uremia.” Unfortunately the blood chem- 
istry was not studied at this time, so that even in this case it is not 
certain that the final coma three years later was of uremic nature. 
The other patients were in the hospital for from periods of a few weeks 
to over three years after the blood chemistry listed in the table was 
determined and none of them developed uremia. That the high blood 
uric acid does not portend nitrogen retention is shown in the following 
patients of the foregoing series, which were in the hospital for six 
months or more after the blood analysis listed in the table was made: 








' 
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sedated te cher 
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COURSE OF CASES 

Case 2.—This patient died two years after the foregoing determinations 
were made. Shortly before death the blood chemistry was: urea nitrogen, 15.0; 
uric acid, 3.5 mg. per hundred cubic centimeters. 

Case 6.—This patient, after remaining in approximately the same condition 
for a year and a half, died suddenly of acute cardiac failure with pulmonary 
edema. 

Case 7.—This patient, who had 8.1 mg. of uric acid per hundred cubic centi- 
meters of blood, the highest figure of the cases listed above, was discharged a year 
later. Though his blood pressure was unchanged, the uric acid had fallen to 
4.5 mg. and the blood urea was normal. 

Case 8.—This patient was discharged ten months later, with no evidences 
of nitrogen retention 

Case 12.—This woman, one year after the foregoing chemistry was deter 
mined, had a blood urea nitrogen of 11.2 mg. per hundred cubic centimeters 
Three years after, when in an unchanged condition, she committed suicide 


Case 16.—This man died ten months later, his blood chemistry shortly befor« 
death being urea nitrogen, 21.0 mg.; uric acid, 2.3 mg. per hundred cubi: 
centimeters. 

Case 23.—This patient was discharged six months later in an unchanged 
condition, 

Case 25.—This patient was discharged a year later in the same condition 

Cases 1, 2, 10 and 12.—These patients came to necropsy. In each case 
pronounced arteriosclerosis was present, being more marked in the smaller 
vessels of the kidneys. In each instance a large proportion of the secretory 
units (glomeruli and tubules) was intact, and apparently amply sufficient to 
carry on the excretory functions. 


SUMMARY AND CONCLUSIONS 

The observations here recorded indicate that these cases of essential 
hypertension with high blood uric acid, but normal amounts of urea in 
the blood, show no tendency to subsequent retention of urea and the 
parallel development of uremia. The patients followed for varying 
periods, from a few weeks to three years, did not develop renal insuffi- 
ciency (except in one questionable instance) but suffered from the 
direct consequences of the circulatory strain, such as myocardial insuf- 
ficiency or cerebral hemorrhage, or from some complication, most fre- 
quently diabetes mellitus. Anatomic investigation of the kidneys of 
four patients with high blood uric acid, who succumbed to these extra- 
renal manifestations, did not indicate that renal insufficiency was pres- 
ent. Despite the high content of the blood in uric acid these cases are 
“benign” so far as the kidney is concerned, ana their chief dangers are 
cardiac failure or cerebral hemorrhage. Observation of the clinical 
course of these patients shows that the high blood uric acid does not 
presage impending renal insufficiency. The uric acid content of the 
blood fluctuates considerably, apart from diet, and apparently has no 
prognostic significance. We were unable to discern any differences in 
the symptomatology and course of the cases with hyperuricemia and 
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those with a normal blood uric acid. Like the hyperglycemia so com- 
mon in hypertension, the increased uric acid content of the blood is due 
to metabolic causes and not to beginning renal insufficiency. When 
renal insufficiency sets in, the uric acid level of the blood rises, but it is 
then accompanied by a rise in the blood urea, which differentiates the 
hyperuricemia of renal origin from that accompanying hypertension in 
the presence of intact kidney function. 











REPORT OF A FATAL CASE OF JUVENILE DIA- 
BETIC COMA WITH INSIGNIFICANT KETO- 
NURIA, AND WITH A_ LARGE 
AMOUNT OF ACETONE 
IN THE SPINAL 
FLUID * 


HENRY M. FEINBLATT, M.D. 


BROOKLYN 


This fatal case of juvenile diabetic coma is reported because of the 
presence of several unusual features, namely, (1) the finding of only 
insignificant ketonuria in spite of extreme acidosis, (2) the presence 
of a large amount of acetone in the spinal fluid notwithstanding its 
absence from the blood, and (3) the failure of enormous doses of 
insulin to influence the blood sugar level. 


REPORT OF CASE 


The patient, a girl, aged 9 years, Jewish, was admitted in a state of coma 
to the United Israel Zion Hospital, Jan. 7, 1924. The family and past personal 
history were negative. The patient was in good health until three week 
prior to admission, when she began to suffer from increased frequency and 
volume of urination, pronounced thirst, itching of the skin and progressive 
loss of weight. Later she complained of slight disturbance of vision and 
headache, and two days before entering the hospital there was projectile 
vomiting not dependent on the taking of food. 

Physical Examination.—The patient lay in profound coma, and the breath- 
ing was of the Kussmaul type. The complexion was sallow and cyanosed, and 
the body showed evidence of recent loss of weight. The breath had a strong 
acetone odor, the tongue was heavily coated, the gums were inflamed and the 
teeth showed considerable decay. There were excoriations about the vulva, 
evidently from scratching. The temperature was 101 F., pulse 130, respiration 42. 

The urine had a specific gravity of 1.030, was acid in reaction, and contained 
3 per cent. of sugar. There was a faint trace of acetone, but no diacetic acid. 
A second specimen gave the same findings with reference to these ketone bodies. 

At the time of admission the blood chemical findings were as follows: 
Sugar 333, urea nitrogen 30, and creatinin 3.33 mg. per hundred cubic centi- 
meters of blood. The carbon dioxid combining power of the plasma as 
determined by the method of Van Slyke and Cullen was 14.3 per cent. by 
volume. 

The patient was treated with lavage of the stomach, forced fluids, and 
bicarbonate of soda solution by rectal drip and saline infusions. Immediately 
on admission, 40 units of insulin (H insulin-Lilly) were administered intra- 
venously, followed by a similar dose three honrs later, and 30 units after 
another three hours. Altogether 110 units of insulin were given within twelve 
hours. In spite of this enormous dosage, there were no twitchings or other 
evidences of hypoglycemic shock. Neither was there any favorable response 
to the medication, and death occurred nine hours after the last dose of insulin. 
At the time of death, blood chemical examination gave the following figures: 


* From the Pathobolic Service, United Israel Zion Hospital, Brooklyn, N. Y. 
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Sugar 333, urea nitrogen 75, creatinin 3 and uric acid 1.8 mg. per hundred 
cubic centimeters of blood. The reaction for acetone was negative. It is 
noteworthy that 110 units of insulin administered within a period of twelve , 
urs had failed to affect the blood sugar level in the least. 
Ihe chemical findings in the spinal fluid drawn immediately after death 


vere as follows: Sugar 300, urea nitrogen 60, creatinin 2.7 and uric acid 


24 mg. per hundred cubic centimeters. A surprising finding was the presence 
of a very large amount of acetone, as judged by the reaction to Legal’s test. 


COM MENT 


Severe diabetic acidosis without ketonuria is quite unusual, but 
\uthentic cases have been reported. Revillet,’ in 1914, described a fatal 
ise, Clinically one of diabetic coma, in which no acetone was found 
n the urine and in which Gerhardt’s test was negative. Rosenbloom,’ 
n 1915, reported three cases of diabetic coma in which the urine showed 
no trace of acetone, diacetic acid or beta-oxybutyric acid, and contained 
a normal amount of ammonia nitrogen. McCaskey,’ in 1916, described 
fatal case of diabetic coma in which there was acetone in the urine, 
ut no diacetic or beta-oxybutyric acid at any time. Other cases have 
been reported. 

Starr and Fitz,* in 1924, reported a study on 114 samples of urine 
from eighteen diabetic patients as to their content of acetone bodies 
and undetermined organic acids, and they found that in about 10 per 
cent. of instances organic acids other than the acetone bodies were 
present in considerably higher than normal concentration. These 
authors believe that in certain cases of diabetic acidosis other organic 
acids than the ketones are encountered, and may play a part in the pro- 
duction of symptoms. 

In the present case, the finding of a large amount of acetone in the 
spinal fluid, notwithstanding its absence from a simultaneous blood 
specimen, is fraught with possibilities and suggests the desirability of 
further work along this line. 

The failure of large doses of insulin to influence favorably diabetic 
acidosis is not so unusual as to deserve special comment, but the fact 
that 110 units of insulin (H insulin-Lilly, which is 40 per cent. stronger 
than the older preparation) administered within twelve hours failed in 
any way to affect the blood sugar level would appear to be a rare 
enough finding to be worthy of record. 


1. Revillet: Coma chez une diabétique sans acétonurie, Lyon méd. 
122:815, 1914. 

2. Rosenbloom, J.: A Form of Diabetic Coma Not Due to the Acetone 
Bodies, New York M. J. 102:294, 1915. 

3. McCaskey, G. W.: A Case of Fatal Diabetic Coma Without Diacetic 
or Beta-Oxybutyric Acid, J. A. M. A. 66:350 (Jan. 29) 1916. 

4. Starr, Paul; and Fitz, Reginald: The Excretion of Organic Acids in 
the Urine of Patients with Diabetes Mellitus, Arch. Int. Med. 33:97 (Jan.) 1924. 
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SUMMARY 

In the case of a comatose girl, aged 9 years, with the classical symp- 
toms of diabetes mellitus dating back three weeks and with a markedly 
reduced carbon dioxid combining power of the plasma, the urine 
revealed only a faint trace of acetone and no diacetic acid. Notwith- 
standing the fact that there was no acetone in the blood, a very large 
amount of this substance was found in the spinal fluid. Although 110 
units of insulin (H insulin-Lilly) were administered within a period 
of twelve hours, there was no reaction at all and the blood sugar level 
was not in the least affected. 


616 Carlton Avenue. 











FATE OF HEXAMETHYLENAMIN IN THE BODY 
AND ITS BEARING ON SYSTEMIC 
ANTISEPSIS * 


FLOYD DE EDS, Pu.D. 


SAN FRANCISCO 


INTRODUCTION 


3esides its common use as a urinary antiseptic, hexamethylenamin is 
lleged to be beneficial, when administered orally and intravenously, in 
various infectious diseases. Clinically,! it has been administered in 
this way in the treatment of typhoid (Ymaz; Loeper; Ymaz and 
\yerza), pneumonia (Loeper; Clarke; Mikhailoff ; Loeper and Gros- 
lidier), nephritis (Loeper and Grosdidier ; Loeper ; de Matta), epidemic 
encephalitis (Thomas and Rendu), influenza (Loeper and Grosdidier ; 
\lichel), serofibrinous pleurisy (Loeper and Grosdidier; Michel), sep- 
icemia (Achard), typhus (Glutard), tuberculosis (Loeper and 
Wagner ), prostatitis and epididymitis (Cooke), bronchitis ( Mikhailoft ; 
Never), and malaria ( Plaschkes and Benkovic). A sound basis for the 
use of hexamethylenamin in various systemic infections appears to be 
lacking. However, it is conceivable that certain conditions might exist 
which would permit hexamethylenamin to exert an antiseptic action. 
These would be concerned with the liberation of formaldehyd in the 


blood and tissues. 


*From the Department of Pharmacology, School of Medicine, Stanford 
University. 

*Thesis (Part II) submitted in partial fulfillment of the requirements 
for the degree of Doctor of Philosophy. 

1. Ymaz: Semana méd. 29:807-809, 1922. Loeper: Paris Letter, J. A. 
M. A. 70:483, 1918. Ymas and Ayerza: Prensa Med. Argentina, 5:215, 1918. 
Clarke, T. W.: Am. J. Obst. 72:753, 1915. Loeper and Grosdidier: Bull. et 
mém. soc. méd. d. hop. de Par. 42:566-569, 1067, 1073, 1918. De Matta: 
Amazanos Medical 1:81, 1918. Thomas, A., and Rendu, H.: Paris méd. 
11:273 (Oct. 1) 1921. Michel: Presse méd. 27:126-127 (March 10) 1919. 
Loeper and Grosdidier: Progrés méd. 33:427, 1918. Achard: Progrés méd. 
33:385, 1918. Glutard: Bull. et mém. soc. méd. d. hdp. d. Par. 43:545, 1919. 
Loeper and Wagner: Bull. et mém. soc. méd. d. hdp. d. Par. 42:569, 1918. 
Cooke, E. S.: New York M. J. 116:542 (Nov. 1) 1922. Neves, A.: Arch. de 
méd. d. enf. 21:29 (Jan.) 1918. Plaschkes and Benkovic: Wien. klin. Wchnschr. 
29:1495, 1916. Other references along similar lines but not mentioned in the 
text are: Duthoit: Antisepsis in Gallbladder, Compt. rend. soc. biol. 89:656, 
1923. Von Takats, G.: Arch. f. klin. Chir. 125:544 (Sept.) 1923; and discus- 
sions, Davis, E.: Intravenous Injection and Urinary Antisepsis, J. Urol. 11:29 


(Jan.) 1924. 
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Experimental evidence indicates that hexamethylenamin per se has 
no antiseptic qualities,? and that antisepsis is dependent upon the free 
formaldehyd liberated by hydrolysis, or decomposition, of hexa- 
methylenamin, which in turn depends on the hydrogen-ion concentration 
of the medium. Although the degree of decomposition increases with 
an increase in the hydrogen-ion concentration, it has been reported by 
Trendelenburg * that an appreciable liberation of free formaldehyd 
occurs on the alkaline side of neutrality. When the drug is taken by 
mouth it appears that the excretion is incomplete. The incompleteness 
of excretion might be expkained by decomposition of the drug in the 
body, resulting in the liberation of formaldehyd. 

In view of these possibilities and of the favorable clinical reports, 
the subject was deemed worthy of extended study with the idea of 
determining, if possible, the rational basis of hexamethylenamin as a 
systemic antiseptic. 

The present investigation, therefore, was planned along  severa! 
lines: (1) A brief study of the urinary excretion of hexamethylenamin 
in human subjects was made in order to ascertain the extent of loss of 
hexamethylenamin in its passage through the body, and also the influenc« 
of gastric acidity on this; (2) the extent of hydrolysis of the drug wit! 
formaldehyd liberation in solutions and serum mixtures of known 
chemical reaction, including alkalinity, was ascertained ; (3) the extent 
of decomposition in the blood of animals under conditions most favorable 
to this, namely, acidosis was tested; and (4) the excretion of formate 
in the urine of human subjects as an index of the decomposition of the 
drug over longer periods in the tissues was determined. These feature 
are presented in this order, beginning with the excretory results, sinc 
excretion is unavoidably bound up with the fate of the drug in the 
body. 


1. EXCRETION OF HEXAMETHYLENAMIN IN HUMAN SUBJECTS 


In some preliminary experiments previously reported by Collins 
and Hanzlik * the quantitative excretion of hexamethylenamin in urine 
appeared to be quite variable. Falk, who also reported variable excre- 
tion, claimed a lower percentage of excretion in nephritic than in normal 
persons, and made the suggestion that hexamethylenamin might be used 
as a test of renal functional efficiency. If the drug is partially hydro- 
lyzed in the stomach and tissues, such a test would be of little use. 





2. Hanzlik, P. J., and Collins, R. J.: Hexamethylenamin: The Liberation 
of Formaldehyd and the Antiseptic Efficiency Under Different Chemical and 
Biologic Conditions, Arch. Int. Med. 12:578 (Nov.) 1913. 

3. Trendelenburg: Biochem. Ztschr. 95:146, 1919. 

4. Collins, R. J., and Hanzlik, P. J.: J. Biol. Chem. 25:231 (June) 1916. 

5. Falk, K. G., and Sugiura, K.: J. Pharmacol. & Exper. Therap. 8:39 
(Jan.) 1916. 
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The experiments in this study were made on convalescent patients 
and healthy subjects. They received doses ranging from 1 to 5.2 gm. 
of hexamethylenamin by mouth. The urines were collected until free 
from the drug, and then they were subjected to quantitative estimation, 
by the distillation colorimetric method of Collins and Hanzlik.* In 
some experiments hourly administrations of water and hourly collec- 
tions of urine were made to determine the influence of diuresis on the 
excretion. In other experiments, sodium bicarbonate was administered 
in order to test out the influence of gastric acidity. The results obtained 
ire presented in Table 1. 


laBLe 1—Quantitative Excretion of Hexamethylenamin in the Urine of Human 


Subjects 
Per Cent. Total Dura- 
Quantity of Hexa- Volume tion of 
Hexamethylenamin methyl- of Urine Excre- 
and NaHCO: enamin  Excreted, tion, 5 ; 
Subject Administered Excreted C.e. Hours Diagnosis 
H.W. 1A Hexamethylenamin 5.2 gm. 82.3 1,757 89 Convalescent (acute paro- 
constant HeO intake titis) 
1B Hexamethylenamin 5.2 gm. 40.0 3,485 41 
natural H2O intake 
I 2A Hexamethylenamin 1.0 gm. 32 2,470 20 Convalescent (varicella) 
constant HeO Intake 
2B Hexamethylenamin 1.0 gm. 65 1,044 20 
natural HeO intake 
W.H. 3A Hexamethylenamin 1.0 gm. 66 1,688 71 Convalescent (measles) 
constant He intake 
P. B 4A Hexamethylenamin 1.0 gm. &5 2,185 383%, Normal person 
4B Hexamethylenamin1l.0gm. 100 1,925 24 Normal person 
and NaHCOs 1 gm 
M.D. 5A Hexamethylenamin 1 gm. 71 1,905 31% Normal person 
5B Hexamethylenamin 1 gm. 87 2,053 24 Normal person 
and NaHCOs 5gm. 
P.H. 4C Hexamethylenamin 1 gm. 86 2,100 24 Normal person 
and NaHCOs 5 gm. 
M.D. 5C Hexamethylenamin 1 gm. Se 2.450 a Normal person 


and NaHCOs 5 gm. 


Table 1 shows that the total excretion in subjects receiving hexame- 
thylenamin alone was variable, ranging from 32 to 85 per cent. This 
confirms the results of previous investigators. The excretion lasted 
from twenty to thirty-three and a half hours with 1 gm. doses, and about 
forty hours with 5.2 gm. doses of the drug. The data also show that 
the total excretion was uninfluenced by diuresis. However, the admin- 
istration of bicarbonate augmented the excretion. In the four experi- 
ments performed on two subjects, excretion before administration of 
from 1 to 5 gm. of bicarbonate was 71 and 8&5 per cent., after 
bicarbonate the excretion ranged from 86 to 100 per cent. In other 
words, neutralization of the hydrochloric acid of the gastric juice tended 
to increase the excretion of hexamethylenamin in virtue of the decreased 
hydrolysis of the drug before absorption. The experiments with bicarbo- 
nate were not extended further because of difficulties in determining 
definitely to what extent neutralization of the hydrochloric acid in the 
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stomach is accomplished. In any case, the median total excretion after 
bicarbonate in the majority (three) of four experiments still left 14 per 
cent. of the drug unaccounted for, indicating the influence of some other 
factors. The results obtained indicate that hexamethylenamin admin- 
istered orally would be unreliable as an agent for testing renal functional 
efficiency. 

Therefore, it is concluded that the urinary excretion of hexamethyl- 
enamin is rather variable, leaving from 15 to 68 per cent. of the adminis- 
tered drug unaccounted for. The loss is due in part to the destructive 
influence of gastric acidity, but is independent of the dosage, water 
intake and diuresis. 

Higher doses might be expected to increase the quantity of drug 
excreted unless decomposition in its passage through the body occurs. 
This might occur despite the destructive action of the gastric acidity, 
which, however, is variable. The alkalinity of the intestine would have 
no part in the destruction. The data in Table 1 show that the total 
excretion of hexamethylenamin in urine was no greater with doses of 
5 and 5.2 gm. than with doses of 1 gm. In fact, the higher dosage 
of 5.2 gm. resulted in smaller excretion, namely, from 40 to 86 per cent. 
as compared with a range of from 32 to 100 per cent. with 1 gm. doses. 
This suggests the possibility that some other factors besides those of the 
alimentary tract enter into the decomposition of the drug, namely, 
the tissues. 

2. POSSIBLE ROLE OF THE TISSUES 

The role of the tissues in the decomposition, or hydrolysis, however 
small, might nevertheless help to explain the variable excretion, which 
is characteristic of the drug, and also the beneficial effects of hexa- 
methylenamin administered intravenously, and by mouth, in various 
infectious diseases. That is, in the hydrolysis or decomposition of 
hexamethylenamin, liberation of formaldehyd occurs, and in the blood 
and tissues this product might momentarily exist before oxidation to 
formic acid. If free formaldehyd could be demonstrated, it would help 
to reconcile the alleged beneficial effects on a rational basis. On the other 
hand, if no hydrolysis of hexamethylenamin could be demonstrated under 
conditions of the blood and tissues, either by the absence of formalde- 
hyd or of ammonia, or products of either of these, then the variability 
in the total excretion would have to be relegated to variable conditions 
in the alimentary tract. The same negative results would disprove the 
alleged beneficial effects of hexamethylenamin intravenously, or by any 
other channel of administration. Otherwise it would be necessary to 
postulate some mechanism of antiseptic action other than that generally 
accepted and there is no justification for this. Therefore, it was decided 
to determine to what extent, if at all, hexamethylenamin is decomposed 
under conditions of the blood and tissues. 
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3. HYDROLYSIS OF HEXAMETHYLENAMIN IN BUFFER MIXTURES 


In studying the hydrolysis of hexamethylenamin it was thought 
desirable to secure indirect as well as direct experimental evidence. When 
the products of hydrolysis, i. e., ammonia and formaldehyd, were 
determined, the evidence was direct. When estimations of products 
derived from ammonia and formaldehyd, namely, urea and formic 
acid, were made, the evidence was indirect. Determinations of ammonia 
and formaldehyd were feasible in the experiments in vitro, but, for 
reasons that will be indicated later on, the experiments on animals 
necessitated estimations of urea and formic acid. 
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Chart 1—Liberation of formaldehyd from, or hydrolysis of, hexamethylen- 
amin in buffer mixtures, covering ranges of pH in gastric juice, urine and blood. 


Hydrolysis of hexamethylenamin in aqueous solutions of different 
fu values was studied in the following manner: A series of buffer 
phosphate solutions of known py value for the range of from 5.3 to 8 
and of citrate hydrochloric acid for the range of from 1 to 4.9, 
was placed in volumetric flasks of 100 c.c. capacity, and to each flask 
was added 0.2 gm. of hexamethylenamin. The mixtures were then 
incubated at 38 C., and at the end of definite time intervals samples 
were removed, and estimations of free formaldehyd were made directly 
by the phloroglucin colorimetric method of Collins and Hanzlik.* The 
results obtained are presented in the form of curves in Chart 1. 

These show that the colorimetric method for estimating free 
formaldehyd was satisfactory for the purpose of this study and that 
the results (with buffers ranging from a py of 1 to a pu of 7) of 
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Trendelenburg were verified. That is, the results indicate a hydrolysis 
of, with liberation of formaldehyd from, hexamethylenamin more or less 
proportional to the degree of acidity, being greatest in degrees of acidity 
higher than and corresponding to that of gastric juice, less in that of 
urine, and least at neutrality. The curves also show a slight amount 
of hydrolysis on the alkaline side of neutrality, that is, in the range 
corresponding to and higher than that of blood when incubation was 
continued for six hours. 

Since the hydrolysis on the alkaline side is of the greatest interest, 
the experiment was repeated to obtain more detailed data in the py 
range of from 6.5 to 8.5, using phosphate mixtures of from 6.5 to 8 and 
borate hydrochloric acid for the 8.5 mixture. The results of this 
experiment are presented in Chart 2. 


| 
a | 
| Tecubated at s0' a heures 
‘“s ' | 
a ? 7 
* | f | 
’ 7} | 


\ 
\ 


J 


iY \ | 
Faith | 


we 


Percentage of tydreipss 






. 


Pa 


a 


eTe:6h ee Le. Ca “ye 
P: - = ae 





Chart 2.—Liberation of formaldehyd from, or hydrolysis of, hexamethylen- 
amin in alkaline buffer mixtures (pa range from 6.81 to 9.0). 


It is seen that the hydrolysis of hexamethylenamin between py = 8 
and pa =7 ranged from 0.15 to 0.67 per cent. after incubating for 
two hours, from 0.15 to 0.93 per cent. after incubation for six hours, 
_and from 0.2 to 0.97 per cent. at the end of incubation for twelve 
hours. In this connection the mitigating influence of liberated ammonia 
was considered because the py values shifted to the alkaline side but 
was found to be negligible. That is, during the hydrolysis of 
hexamethylenamin there is a liberation of ammonia which might cause 
a shift of the pu value of a given buffer mixture toward the alkaline 
side and so cause a diminished hydrolysis. This factor might be of 
importance in the pu range of from 6.5 to 8.5. To determine the 
effect of liberated ammonia the py values of the mixtures were deter- 
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mined by the colorimetric method at the time of analysis for formal- 
dehyd. It was found that the percentage decomposition of hexa- 
methylenamin remained practically the same, and, therefore, the decrease 
in hydrolysis caused by a shift of the py value to the alkaline side due 
to the liberated ammonia was negligible. 

The results obtained thus far indicate the possibility of formaldehyd 
liberation from hexamethylenamin in the blood and other body fluids, 
but the actual demonstration of the formaldehyd in the presence of 
protein might be different, and, therefore, requires simulation of the 
onditions in vivo more closely. 


4. HYDROLYSIS OF HEXAMETHYLENAMIN IN BUFFER MIXTURES 
CONTAINING SERUM PROTEIN 
Having shown that hydrolysis of hexamethylenamin is a function of 


he pu and that there is an appreciable liberation of formaldehyd at 
hy values greater (Pu = 8.0 and 7.4) than those of body fluids (blood, 








Chart 3.—Liberation of formaldehyd from, or hydrolysis of, hexamethylen- 
amin in serum protein. Curves marked 1 indicate incubation for six hours at 
38 C., and those marked 2, for two hours at 38 C.. Solid lines represent hydrolysis 
in presence, and broken lines in absence, of horse serum. 


cerebrospinal fluid, etc.) the effect of protein on the hydrolysis in the 
various buffer solutions was studied. The procedure was the same as in 
the case of buffer mixtures alone except that the buffers contained 5 
per cent. horse serum. Typical results are presented in the form of 
curves in Chart 3. 

The results obtained show that protein in the form of horse serum 
had a definite retarding influence on the hydrolysis, or decomposition, 
of hexamethylenamin at any given py level, and that liberation of 
formaldehyd was not demonstrable in truly alkaline buffer serum 
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mixtures. In view of the fact that the phloroglucin reagent is sensitive 
to formaldehyd in as low a concentration as from one to five million, 
any undetected formaldehyd in the buffer serum mixtures must have 
been negligible. On the other hand, considerable liberation occurred 
in the acid mixtures as would be expected, although quantitatively the 
liberation was less in the presence of serum protein than in the 
absence of it. 





5. DECOMPOSITION CF HEXAMETHYLENAMIN IN THE CIRCULATION 


Although the results with the buffer serum mixtures reduced the 
possibility of decomposition of, or formaldehyd liberation from, hexa- 
methylenamin in the blood, it still could not be concluded that the drug 
might not be appreciably decomposed in the circulation and _ tissues 
because the conditions in the living organism differ from the experiments 
in vitro even in the presence of protein. Proteins, no doubt, are essen- 
tial factors in mitigating formaldehyd detection. However, this is bal- 
anced by several factors, namely, by the hydrolyzing influence of 
ferments; by the fact that the tissues proper are, in reality, a trifle 
more acid (fPy==6.8 or thereabouts) than the blood, and by the 
continuous exposure of hexamethylenamin to the decomposing influ- 
ences of the tissues. These, in virtue of the circulation, are some of the 
considerations among others less understood, which enter into the pos- 
sibility that hexamethylenamin may hydrolyze and liberate formaldehyd 
in the blood tissues. In disease conditions, in which the chemical reaction 
of certain tissues is such as to be favorable to the decomposition, as in 
the case of pneumonia in which lung extracts were shown to be acid 
(Pu==6.0) by Lord,’ formaldehyd might be freed, at least momen- 
tarily and locally. If hydrolysis could be demonstrated in the circulation 
of normal animals, there would not be much doubt of such hydrolysis 
(with formaldehyd liberation) in the diseased organs or tissues whose 
reaction is truly acid, or rendered acid, as by the induction of asphyxia. 
Hence, it was decided to proceed at once to test the proposition ; whether 
or not hexamethylenamin is hydrolyzed in the circulating blood. The 
experiments on animals may now be described. 


METHODS 





The phloroglucin method, which is satisfactory for the estimation 
of small quantities of formaldehyd in colorless solutions, cannot be 
used for either the qualitative detection or quantitative estimation of 
formaldehyd in a colored medium such as blood. Low concentrations 







6. Lord, F. T.: The Relation of the Pneumococcus to the Production of 
Acid in Fluid Culture Mediums and the Reaction of the Pneumonic Lung, 
J. A. M. A. 72:1364 (May 10) 1919; 73:636, 786, 1364. 1420. 1919. 
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of formaldehyd in blood cannot be removed quantitatively by dialysis 
nor by aeration, as shown by the following experiments: Formaldehyd 
n a concentration of from one to five thousand was vigorously aerated 
with ammonia-free air for three hours, and analysis of the original solu- 
ion showed that 96 per cent. of the formaldehyd had not been removed. 
\queous solutions of formaldehyd in concentrations of from one to five 
undred thousand were dialyzed for periods ranging from one to twenty 
urs and the dialyzate never gave more than a faintly positive test for 
rmaldehyd, using the phloroglucin reagent. These results are in exact 










vreement with numerous, unpublished experiments of Hanzlik in which 
th aeration and dialysis failed to give quantitative removal of for- 
ildehyd from aqueous solutions and from serum. 
In view of these difficulties, evidence for the presence of formaldehyd 
the body fluids after administration of hexamethylenamin had to be 
btained indirectly. The end products of hexamethylenamin hydrolysis 
the organism are sodium formate, and ammonium salts, which are 










mverted to urea. Consequently, increases in the blood urea nitrogen, 






nd the presence of formic acid were used as indices of hexamethylen- 
min hydrolysis in the circulation. The urea nitrogen estimations were 
iade by the Van Slyke and Cullen * modification of Marshall's method. 
he ammonia was driven over by aeration and estimated colorimetrically 
n the usual way. The formic acid was estimated by a method previously 
lescribed.* Briefly, this consists of the removal of interfering sub- 
stances by picric acid and estimations of the formic acid in the filtrate 








by causing reduction of mercuric chlorid to calomel, which is then 
letermined volumetrically by means of standard solutions of iodin and 






of thiosulphate. The experiments fell into two main groups: (1) urea- 
nitrogen, and (2) formic acid estimations in the blood. 
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For a study of these changes experiments were made on rabbits and 






dogs. The results on rabbits will be described first. 

A sample of control blood was removed by cardiac puncture and 
the urea nitrogen estimated. Then 5 c.c. of 10 per cent. hexamethylen- 
amin was injected into an ear vein, and subsequently samples of heart 
blood were removed at intervals of fifteen minutes. Urea estimations 
were made immediately after withdrawal of the blood. The results 
obtained on the five rabbits that were used are summarized in Table 2. 












7. Van Sylke, D. D., and Cullen, G. E.: A Permanent Preparation of 
Urease, and Its Use for Rapid and Accurate Determination of Urea, J. A. M. A. 
62:1558 (May 16) 1914. 

8. De Eds, Floyd: 









J. Lab. & Clin. Med., 1924 (in press). 
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It is seen that the results are somewhat variable. They indicate 
insignificant increases and decreases in the urea nitrogen content of the 
blood as a result of the injection of hexamethylenamin. Only two 
rabbits (Nos. 3 and 4) showed increases in urea nitrogen, while the 
other rabbits (Nos. 1, 2 and 5) showed corresponding decreases. 
The decreases in urea nitrogen in Rabbits 1, 2 and 5 might be accounted 
for by variations accompanying the tendency to the establishment of 
an equilibrium between the blood and tissues. In the rabbit experi- 
ments no allowance was made for possible changes in blood volume 
The injection of hypertonic solutions of hexamethylenamin may cause 
a washing out of urea from the tissues, and so account for the increased 
urea values shown by Rabbits 3 and 4. 


Tasie 2.—Changes in Urea Nitrogen Content of the Blood in Rabbits Produced 
by Intravenous Injection of Hexamethylenamin 


Dose of Mg. Urea Nitrogen in 100 C.c. of Blood 
Hexamethylenamin ——-——_———__ #»-- —_______—_—. 
Injected, Before After 
Rabbit Gm Hexamethylenamin Hexamethylenamin 
1. ‘ 05 10.9 8.7 end of 55 minutes 
2. 05 10.0 9.55 end of 45 minutes 
3 05 05 10.58 end of 15 minutes 


10.26 end of 30 minutes 

10.36 end of 45 minutes 

4 0.5 9.73 11.24 end of 15 minutes 

10.75 end of 30 minutes 

10.26 end of 45 minutes 

5. 0.5 11.7 9.21 end of 15 minutes 

9.30 end of 35 minutes 

9.35 end of 6) minutes 

8.96 end of 105 minutes 
More marked increases in urea content of blood might be brought 
about by inducing asphyxia which lowers the py of the blood, or in 
other words, causes acidity, and, therefore, should result in increase: 
hydrolysis of hexamethylenamin. Since experiments involving asphyxia 
over prolonged periods are more suitably and successfully carried out 
on dogs, the remainder of the experiments were done on these animals. 
The dogs received 25 c.c. of 40 per cent. hexamethylenamin intra- 
venously. Blood from the right femoral artery was removed at intervals. 
and collected under clean liquid petrolatum containing a little dry sodium 
oxalate for prevention of clotting. Estimations were made of urea 
nitrogen (by the same method before mentioned), of hemoglobin (by 
Palmer’s method *), and of py colorimetrically using phenolsulphone- 
phthalein according to the method of Rowntree, Levy and Marriott,’° 
and electrometrically by means of a hydrogen electrode previously 
described by De Eds and Hanzlik."* At the same time kymographic 


9. Palmer: J. Biol. Chem. 33:119 (Jan.) 1918. 
10. Levy, R. L.; Rowntree, L. G., and Marriott, W. McK.: A Simple 
Method for Determining Variations in the Hydrogen-Ion Concentrations of 
the Blood, Arch. Int. Med. 16:389 (Sept.) 1915. 

11. De Eds, Floyd; and Hanzlik, P. J.: J. Biol. Chem. 60:355, 1924. 
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records were made of changes in blood pressure, pulse, and respiration 
in the usual manner. Toward the end of each experiment, asphyxia 
was induced by clamping the trachea or attaching to it a long tube in 
order to increase the dead space. Then blood was drawn and the 
results of analysis were compared with those of the blood before 
isphyxia. In order to determine whether or not the changes in urea 
itrogen and other constituents of the blood were characteristic for the 
intravenous injection of hexamethylenamin, control injections of hyper- 
tonic (10 per cent.) sodium chlorid and 6 per cent. acacia were made. 
lhe results of the experiments on dogs are summarized in Table 3. 


Paste 3.—Changes in Urea Nitrogen and Other Constituents of the Blood of 
Dogs Infected Intravenously with Solutions of Hexamethyl- 
enamin, and Other Solutions as Controls 


Changes in Blood 
wD 





Urea Nitrogen Per Cent. 
mber pu Mg. per 100 C.c. Hemoglobin 
od ——_—s—~— = —— Minutes 
eight Before After Before After Before After After 
Kg.) Doses of Agents Injec- Injec- Injee- Injee- Injec- Injee- Injee- 
tf Dog injeeted tion tion tion tion tion tion tion Remarks 
> per cent. hexamethylen- 7.3 7.0 10.53 11.49 8.1 79.0 15 
i amin, 1.3 gm. per kg. 6.6 11.05 75.2 31 
6.8 11.0 73.0 D4 Asphyxia 
i 4.7 per cent. hexamethylen- 7.3 7.3 11.76 13.7 100 96.5 18 
S8) amin, 0.47 gm. per kg. 7.1 34.0 ray 
7.1 90.0 75 
7.0 98.0 101 Asphyxia 
40 per cent. hexamethylen- 7.3 7.1 8.5 9.76 100 24 
amin, 1.36 gm. per kg. 7.2 10.98 100.0 39 
6.8 11.1 so.4 © = Asphyxia 
6 40 per cent. hexamethylen- 7.4 7.3 13.36 10.0 1 =100.0 13 
5) amin, 1.7 gm. per kg. 6.0 11.7 2 
70 11.1 170 
#) per cent. hexamethylen- 7.3 7.3 8.0 75 10) 93.4 17 
4.3) amin, 1.4 gm. per kg. 7.4 1.0 100.0 rr 
69 &.14 100.0 &4 Asphyxia 
{ 40 per cent. hexamethylen- 7.3 7. 15.4 13.8 89.7 76.0 65 
6.6 amin, 3.0 gm. per kg. 7.0 15.8 73.2 8&8 
7.0 14.9 70.7 113 
i 40 per cent. hexamethylen- 7.0 6.9 14.6 14.6 100 77.5 24 
12) amin, 4 gm. per kg. 
11 10 per cent. NaCl, 5.2¢.e per 7.2 7.1 11.3 12.74 100 75.2 23 
(19) kg. 
> 6 per cent. acacia, l6e¢.e. per 7.15 7.1 8.5 9.3 wo 9.0 31 
13.2) kg. 70 11.1 06.0 


The results obtained indicate slight and negligible increases in the 
urea nitrogen content of the blood in the majority of the experiments, 
even in those in which asphyxia was induced and when the blood was 
truly acid, i. e., px = 6.8 to 6.9. In Experiments 1, 2 and 3, increases in 
urea nitrogen up to 30 per cent. occurred, despite dilutions of the blood 
due to the volume of fluid injected, and to dehydration of the tissues 
when hypertonic solutions were used. These increases in urea nitrogen 
may be due to a washing out of urea from the tissues. Since similar 
increases in nitrogen content of the blood occurred after injection of 
an isotonic solution (6 per cent. acacia in 0.9 per cent. sodium chlorid ) 
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and also hypertonic (10 per cent.) sodium chlorid solution, the increases 
cannot be ascribed to hypertonicity, nor to ammonia derived from the 
hydrolysis of hexamethylenamin. 

The shifting of the acid base equilibrium in these experiments 
constitutes a highly important and interesting phase of intravenous 
injections in general, and will not be discussed here. It has no bearing 
on the problem at hand. 

The chief conclusion to be derived from the experiments on dogs 
for the purpose of this study is that the results as to the hydrolysis or 
decomposition of hexamethylenamin as indicated by changes in the 
urea nitrogen (indirectly ammonia) of blood are negative, even under 
the most favorable condition of asphyxia (acidity). They confirm the 
negative results on rabbits, and also those of the experiments in vitro 
with buffer serum mixtures. 


CHANGES IN FORMIC ACID CONTENT OF THE BLOOD 


Since formic acid is an oxidation product of formaldehyd, it was 
used as an index of the hydrolysis of hexamethylenamin in the blood. 


TaBLe 4.—Formate Content of Blood After Intravenous Injection of Sodium 
Formate in a Dog Weighing 17.5 Kg. 


Formie Acid in Blood from 





Femoral! Artery 


Time Event Jugular Vein 

11:10 Blood sample (control) None None 

11:19 Injection of sodjum  leeeeee —i(iti‘iés nw ws 

formate 6.28 gm. 
per kg. 

11:25 Blood samples 2.85 mg. = 8.2 per cent. 3.5 meg. 
of injected amount 

12:00 Blood samples 1.7 mg. = 0.5 per cent. 2.25 mg. 
of injected amount 

1:00 Blood samples 0.78 mg. = 0.2 per cent. 0.27 meg. 


of injected amount 


However, before proceeding to the results on formic acid, it should be 
indicated that the method used could detect formic acid after the 
injection of formate and of formaldehyd. 

The formic acid was determined by the method * described in the 
foregoing. By this method formic acid added to blood in amounts as 
small as 0.1 mg. in 25 c.c. can be satisfactorily determined. As a further 
check on the method, analyses of the blood were made after injecting 
50 c.c. of 10 per cent. sodium formate, equivalent to 3.4 gm. formic acid, 
into the femoral vein of a dog weighing 17.5 kg. The blood volume 
was taken as 9 per cent. of the body weight, or about 1,500 c.c., and, 
therefore, the concentration of formic acid was about 0.23 per cent. 


























DE EDS—HEXAMETHYLENAMIN IN ANTISEPSIS 523 


Samples of 15 c.c. of blood were removed from the jugular vein and 
femoral artery, the theoretical amounts of formic acid injected being 
34.5 mg. 

The results in Table 4 indicate that the method was satisfactory 
for determining small quantities of formic acid, such as might be 
derived from the quantities of hexamethylenamin injected in the experi- 
ments to be described. They also show that formate disappears rapidly 
from the blood stream. 

The results in Table 5 obtained on four dogs, injected intravenously 
ith different concentrations of formaldehyd, indicate that detectable 
uantities of formic acid were found with concentrations of 1: 7,000 
nd over of formaldehyd and that the percentage of formaldehyd 
xidized to formic acid increased up to two hours. We may now briefly 
ummarize the results of the experiments with hexamethylenamin. 


Taste 5.—Percentage Conversion of Formaldehyd to Formic Acid in the 
Circulation of Dogs 


Concentration 
of Formaldehyd 
Weight, Injected into Per Cent. Converted to 
Dog Kg. Blood Stream Formie Acid Remarks 
l 4 1:2,500 3.9 at end of 25 minutes Blood from heart 
8.8 at end of 1 hour 
2 8.6 1:5,000 5.8 at end of 13 minutes Blood from heart 
16.0 at end of 35 minutes 
20.0 at end of 65 minutes 
3 9.5 1:7,000 1.6 at end of 2 hours Blood from jugular 
and 15 minutes vein 
None at end of 2 hours 
and 40 minutes 
4 86 1°15,000 None Blood from femora! 


artery 





Three dogs (Experiments 7,.9 and 10) were injected with a 10 
per cent. solution of hexamethylenamin into the femoral vein after 
removal of control samples of blood. Then three samples were removed 
at approximately 30 minute intervals, and finally two samples in each 
case were taken after inducing asphyxia for the purpose of procuring 
the conditions most favorable for the liberation of formaldehyd. Elec- 
trometric and colorimetric determinations of the py of asphyxial bloods 
showed definite acidity in each case (fy 6.81 to 6.9). However. no 
formic acid was demonstrable in the bloods of all dogs before and after 
asphyxia. These negative results agreed with the relatively low, or 
almost negligible, hydrolysis of hexamethylenamin in vitro in the pres- 
ence of 5 per cent. horse serum, which did not exceed 0.1 per cent. 
(Chart 3). The average blood volume of the dogs receiving injections 
of the drug was 900 c.c. and the amount of drug injected was 25 c.c. 
of a 10 per cent. solution, or 2.5 gm. If only 0.1 per cent. were hydro- 
lyzed, the concentration of liberated formaldehyd would be about 
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1: 300,000, providing the formaldehyd so liberated had been retained 
in the circulation. This is below (about one-tenth) the concentration 
of formaldehyd necessary for antisepsis. It is also probably smaller 
than the concentration of formaldehyd necessary for liberation of 
demonstrable formic acid in the blood. In other words, the results of 
the experiments on dogs and on hydrolysis in vitro are in essential 
agreement. They indicate that hydrolysis of hexamethylenamin in the 
blood is negligible and, therefore, that the concentration of liberated 
formaldehyd would be too small to be efficacious as an antiseptic. 


6. EXCRETION OF FORMIC ACID IN URINE 


The possibility still remains that formic acid might be formed slowly 
and appear in the circulation in amounts too small to permit estimation 
by the method used for blood. This might occur from slow decomposi- 
tion of the hexamethylenamin itself, or of some combination of the 
liberated formaldehyd with or in the tissues, the combined formaldehyd 
requiring more time for oxidation to formic acid than was allowed in 
the acute experiments on animals. On the other hand, the absence of 
formate in hexamethylenamin urine collected until the excretion was 
completed (i. e., for from 2 to 3 days) would practically dispose of 
the occurrence of formaldehyd in the tissues, whether free as an inter- 
mediary product before conversion to formic acid or in some other 
oxidizable form. Combined formaldehyd in the blood and tissues would 
be of no more value as an antiseptic than hexamethylenamin itself 
The matter was put to a test. 

Determinations were made of the total excreted formate in three 
subjects, one of whom was a febrile patient, and two were healthy. 
The method used for estimation of formic acid in urine has been 
described in the foregoing.* Hexamethylenamin in doses varying from 
1 to 5 gm. was administered by mouth, and total collections of urine 
(preserved with chloroform) made from the normal subjects, that is, 
until completion of the excretion of the hexamethylenamin and _for- 
maldehyd, as indicated by negative bromin water and phloroglucin tests, 
respectively. The excretions lasted for one and two days in the two 
healthy subjects. Only a partial collection of urine (during the first 
thirty-six hours after administration of hexamethylenamin) was made 
from the febrile patient. The formic acid was then estimated in aliquot 
portions of all the urines. The results that were obtained are briefly 
summarized in Table 6. 

It is seen that the two healthy subjects excreted demonstrable though 
relatively small quantities of formic acid, amounting to 0.31 and 0.26 
per cent. of the total hexamethylenamin, administered. Subject 1 
(F. D.), receiving the higher dose, excreted a greater absolute quantity 
and higher percentage of formic acid than Subject 2 (M. L. T.) who 
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received less than one-half the dose. The excretion, therefore, appeared 
to be influenced by the dosage, the absolute quantity of formic acid 
excreted being roughly proportional to the dosage. However, the 
xcretion was independent of the diuresis, i. e., the total volume of 
urine excreted, since Subject 1 who excreted more formic acid had a 
maller output of urine than Subject 2, whose output of urine was 
reater and excretion of formic acid smaller. The febrile patient 
<ereted no demonstrable formic acid during the first thirty-six hours 
fter administration of the drug, and despite a collection of 3,000 c.c. 
urine, the highest output of all the subjects. The dosage of the 
rug also was the highest. Although the collection of urine from the 
itient was not complete, it extended over a considerable period 
thirty-six hours) and formic acid was expected, but not found. 


uring similar periods, formic acid was found in the urines of the 


\BLE 6.—Excretion of Formic Acid in Urine of Human Subjects Receiving 
Hexamethylenamin 


Per Cent. 

Dose Total Formie Acid 

of Hexa- Total Formic Excretion of 

Body methylenamin Volume Acid Total Hexa- 

Weight, Administered, of Urine, Excreted, methylenamin 

Subject Kg. Gm. C.e. Gm. Administered 
F. D.) (healthy)....... 5S 2.5 1,500 0.0154 0.31 
M. L. T.) (healthy)... 77 1.0 1,700 0.0050 0.26 
H.) (febrile) (108 F.).. 990 5.0 3,000 None None 


two healthy subjects. The sensitivity of the method used for estima- 
tion of the formic acid was great enough, namely, 1 :150,000, leaving 
no doubt that the urine was practically formic acid free. Hence, it 
appears that there was a complete oxidation of the formaldehyd or 
formic acid (to carbon dioxid and water) in this patient, as might 
occur from the high fever which was present. If this is true, antiseptic 
action from formaldehyd in infectious diseases (febrile usually) would 
hardly be expected. The time at disposal did not permit the study of 
other febrile patients. The results on the healthy subjects, in whom 
very little formic acid was liberated, indicated that excretion required 
no further study for the purpose of this investigation. 

It was estimated from the results on Subject 1, in whom the greatest 
decomposition of hexamethylenamin occurred, that the concentration of 
formaldehyd in the blood could not have exceeded 1:500,000, and in 
Subject 2, not over 1: 2,000,000. These figures were arrived at by 
assuming the blood volume to be about 9 per cent. of the body weight 
and the existence of all the formaldehyd (precursor of the formic 
acid) at one time. However, this probably was not the case, because 
the excretion lasted for one and two days, and, therefore, at any given 
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moment the concentration of formaldehyd in the blood was much less. 
Hence, it is clear that antiseptic qualities could not be conferred on the 
blood and tissues. 

It is concluded that the administration of relatively small doses 
(1 and 2.5 gm.) of hexamethylenamin to healthy human subjects 
results in the excretion of small quantities (0.005 and 0.0154 gm.) of 
formic acid (as formate) in urine, amounting to about from 0.26 to 
0.31 per cent. of the total drug administered, and indicating that the 
liberation of formaldehyd, as precursor of formic acid, in the tissues 
is too small for systemic antisepsis. In fever, formic acid may not 
be demonstrable, suggesting complete oxidation of the formaldehyd 
or formic acid, this condition, therefore, not favoring antisepsis. 


COMMENT 


The results have been sufficiently discussed throughout the text 
and need no further discussion here, except to indicate briefly their 
bearing on systemic antisepsis from hexamethylenamin. Studies of 
the urinary excretion showed that from 15 to 68 per cent. of the drug 
remained unaccounted for, indicating a marked loss of the drug in its 
passage through the body and agreeing with reports of other investi- 
gators. A part of this loss was accounted for by hydrolysis or 
decomposition of the drug in the alimentary tract (chiefly in the 
stomach). It appeared that decomposition in the tissues might account 
for the remainder. Tests of this were made, using direct and indirect 
evidence in vitro and in vivo. It was found that slight liberation 
of formaldehyd from the drug occurred in alkaline serum protein 
mixtures in vitro, the liberation being considerable in acid mixtures 
as would be expected. However, when blood was rendered definitely 
acid by asphyxia in animals (until death) injected with large doses 
of the drug, no increases in the production of decomposition or hydrolysis 
(ammonia, indicated by ureanitrogen, and formic acid } of hexamethylen- 
amin were demonstrable. Small quantities of one of these products, 
namely, formic acid, were demonstrable in the urine of two healthy 
subjects receiving small doses of hexamethylenamin. This was probably 
due to the longer time allowed for collection of the formate in the 
excretion experiments than was allowed in the acute experiments on 
animals, in whose bloods the concentrations of the formic acid probably 
were too low for estimation. It appears therefore, that formaldehyd, 
as precursor of formic acid, is liberated in the tissues. However, the 
concentration at any given moment is much too low for antisepsis, 
amounting to about 1:500,000 at best, in a subject receiving 2.5 gm. 
of hexamethylenamin, or in other words, about one-twentieth of the 
concentration (1:25,000 or thereabouts) necessary for antisepsis. With 
higher doses the concentration might be higher, but at any given moment 
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ind during the time of liberation the concentration would be much 
ess than the highest estimated from the results in this paper. From 
ll this, it follows that the alleged beneficial effects from hexamethylen- 
amin systemically in various infectious diseases cannot be explained on 
the presence of adequate liberation of formaldehyd in the circulation 
ind tissues. The drug itself it not antiseptic. 
Taking the results of this study as a whole, two deductions appear 
istified. First, the incomplete and variable urinary excretion of 
examethylenamin, after administration by mouth, is accounted for by 
ss of the drug, that is, by hydrolysis or decomposition, in the ali- 
ientary tract, largely in virtue of gastric acidity, which is variable. 
he formaldehyd liberated in the stomach is not absorbed, as is well 
nown. The decomposition of the drug in the tissues, as indicated by 
he excretion of formic acid, is very small, and accounts for only a very 
mall fraction of the loss. Secondly, there is no good basis for the 
se of hexamethylenamin, orally or intravenously, as a systemic anti- 
-eptic in various infectious diseases and localized infections. Here 
vain the excreted formic acid is too small in amount to account for 
he alleged benefits on the basis of the very low concentration of 
ormaldehyd that might be liberated as an intermediary product to 


r precursor of the formic acid. 


CONCLUSIONS 

1. The total urinary excretion of hexamethylenamin administered 
to human subjects, in doses ranging from 1 to 5 gm., was found to 
be rather variable, ranging from 32 to 85 per cent., independently of 
dosage of the drug, diuresis and clinical condition. 

2. Oral administration of sodium bicarbonate increased the excretion 
in two subjects (up to 100 per cent. in one), indicating that hydrolysis 
or decomposition of the drug occurs in the alimentary tract, chiefly 
in virtue of gastric acidity. In other tests, the excretion was virtually 
unchanged, indicating partial decomposition of hexamethylenamin by 
the tissues. 

3. Decomposition, as indicated by liberation of free formaldehyd, 
in buffer phosphate mixtures in vitro was found to be a function of the 
hydrogen-ion concentration, that is, it increased with increases in true 
acidity. An appreciable liberation of formaldehyd was demonstrable on 
the alkaline side of neutrality. 

4. In buffer mixtures containing serum protein the decomposition 
was much less as would be expected. At a pu of 6.8 the maximum 
decomposition was about 0.1 per cent., and traces of formaldehyd were 
demonstrable at a pu of 7.2 (vicinity of blood reaction). 
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5. In acute experiments intravenous injections of large doses of 
hexamethylenamin in animals did not yield evidence of decomposition 
as indicated by changes in or presence of decomposition products of 
the drug, namely, changes in ureanitrogen from the ammonia, and of 
formic acid (the oxidation product of formaldehyd) even under the 
most favorable conditions, that is, acidity (Pu 6.8) of blood induced 
by asphyxia. 

6. Excretion experiments over longer periods in two healthy human 
subjects, receiving 1 and 2.5 gm. of hexamethylenamin orally, indicated 
that 0.26 and 0.31 per cent. respectively, of the drug were converted 
to formic acid in its passage through the body. In a febrile patient 
receiving a higher dose than the healthy subjects, namely 5 gm. of the 
drug, no formic acid appeared in the urine. 

7. This means that either no formaldehyd (as precursor of formic 
acid) or only traces were liberated from hexamethylenamin in_ its 
passage through the blood and tissues. 

8. Therefore, from all this, it appears that the hexamethylenamin 
(when given by mouth) unaccounted for by urinary excretion is lost 
or decomposed in the alimentary tract, chiefly in virtue of gastric 
acidity, and that there is no rational basis for the use of the drug, 
orally or intravenously, as a systemic antiseptic in the treatment of 
various infectious diseases and localized infections. 

















[HE EFFECTS OF MITRAL STENOSIS, PULMONIC 
STENOSIS, AORTIC REGURGITATION AND HYPER- 
TENSION ON THE ELECTROCARDIOGRAM* 


PAUL D. WHITE, M.D. 
BOSTON 
AND 
C. SIDNEY BURWELL, M.D. 
BALTIMORE 


Just seven years ago Dr. Arlie V. Bock and I' presented before 
e American Society of Clinical Investigation a report entitled : “Elec- 
trocardiographic Evidence of Abnormal Ventricular Preponderance and 
f Auricular Hypertrophy.” That report was based on the electro- 
‘ardiograms of about 1,000 cases studied in the course of two and 
ne-half years at the Massachusetts General Hospital. Our conclusions 
vere that mitral stenosis and pulmonic stenosis do often affect the 
lectrocardiogram to produce an abnormal swing of the electrical axis 
f the heart to the right, and that hypertension and aortic regurgita- 
ion often cause an abnormal swing of the axis to the left. We used 
he formula which Lewis? had suggested in 1914, simply the sum 
n tenths of a millivolt of the amplitudes of R in Lead I plus S in Lead 
[Il minus the sum of S in Lead I plus R in Lead III; that is 
R, + S,)—(S, + R,) = index. A value of this index more positive 
than + 20 we considered generally abnormal left axis deviation, and 
more negative than —15 generally abnormal right axis deviation. We 
had on our list eighty-two cases of the former and twenty-two of the 
latter. As the result of constant observations in the last seven years 
we have made but one change in this regard. We now feel that — 10 
rather than —15 should be the borderline of normal with respect 
to right axis deviation. 

Shortly after the war, Carter, Richter and Greene* published 
the description of a method for determining the electrical axis of the 
heart by using Einthoven’s equilateral triangle and measuring by angle, 
the right horizontal radius of the circle surrounding the triangle being 
the zero degree line. Radii above this give negative values and below 
positive. The normal limits we have taken at 0 and + 90 degrees, that 


* From the Massachusetts General Hospital. 

* Read before the Association of American Physicians, Atlantic City, N. J., 
May 6, 1924. 

1. White, P. D., and Bock, A. V.: Am. J. M. Sc. 156:17 (July) 1918. 

2. Lewis, T.: Heart 5:398, 1914. 

3. Carter, E. P.; Richter, C. P., and Greene, C. H.: Bull. Johns Hopkins 
Hosp. 30:162 (June) 1919. 
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is, any angle falling in the right lower quadrant of the circle. We have 
used this method as well as the formula described previously in the 
analysis of all our cases. Usually, the two methods are in agreement 
but often they are not. Neither one is wholly reliable. Both are quite 
arbitrary but both seem to work out clinically fairly equally. In the 
case of significant right axis deviation, the angle method is in general 
perhaps more satisfactory than the index, while in the case of left axis 
deviation the index seems to fit better. \Ve make a routine practice now 
of using both methods to measure abnormal axis deviation. 

A few years ago Herrmann and Wilson* showed that there is 
little agreement between these methods of determining axis deviation 
and actual ventricular weights as determined at necropsy. Clinically, 
however, the influence of uncomplicated mitral stenosis, stenosis, hyper- 
tension, and aortic regurgitation on the electrocardiogram is a clear 
one. There are certain reasons for the discrepancies between the 


Taste 1.—Cases with Electrocardiograms Showing Abnormal and Normal 
Electrical Axis Deviation 


Right Left None 
Number of cases 288 208 100 
Per Cent. Per Cent. Per Cent 
Mitral stenosis * 33 (—) 4 
Pulmonary stenosis* .. 7 0 0 
Congenital dextrocardia * 2 o 0 
Hypertension* . es 3(—) 30 3 
Aortie regurgitation * ‘ , 1(—) ~” 4 
Aortie stenosis * bbs cnebasctes exces , o 2 0 
Combined lesions and miscellaneous ies “ 34 45 7 


* Uncomplicated. 


electrocardiograms and actual ventricular weights. In the first place, 
as Burwell and 1° pointed out a few years ago, the electrocardiogram 
at best is a crude measurement in this respect, as accurate as it may 
be in other regards. It is an arbitrary record made from three lead 
points in one plane, while of course the heart is a solid body and has 
three dimensions. Secondly, the shape of the person alters the ana- 
tomic axis considerably and also the electrical axis of the heart, and, 
of course, the actual ventricular weights do not take this into con- 
sideration. , 

Also it is quite probable that dilatation as well as hypertrophy plays 
its part in altering the electrocardiogram. Slight changes in intraven- 
tricular conduction rates undoubtedly play their part too. And finally 
it is probable, as has been already suggested, that there is an individual 
variation in the architecture of the auriculoventricular conduction tissue 
in different people. However these various factors may play their 


4. Herrmann, G. R., and Wilson, F. N.: Heart 9:91 (April) 1922. 
5. White, P. D., and Burwell, C. S.: Tr. Am. Soc. Clin. Investigation, 
1921, p. 20. 
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part, we do know that there is often significance clinically in electro- 
cardiographic variations pointing to abnormal right or left axis devia- 
tion, as the following data will show. Cases showing intraventricular 
block are not included in this study. 

In the course of nine years, over 4,000 persons, mostly cardiac 
patients, have been electrocardiographed at the Massachusetts General 
lospital. Of these, 288 showed abnormal right axis deviation by either 
f the two methods I have described above. Fifty-three per cent. of 
‘hese 288 cases had mitral stenosis, 7 per cent. had pulmonary stenosis 
ind 2 per cent. had congenital dextrocardia, a total of 62 per cent. This 
ay be compared with 100 unselected cases showing no abnormal axis 
leviation by either method, with 14 per cent. mitral stenosis and no 
ases of pulmonary stenosis or congenital dextrocardia. 

During this interval of time there were 398 cases showing abnormal 
eft axis deviation by either or both methods. Of these, 30 per cent. 
ad hypertension of 170 mm. of mercury or over (systolic), 20 per cent. 
ad aortic regurgitation, and 2 per cent. had aoritic stenosis without 


TaBLe 2.—Relationship of Clinical Diagnosis to Electrical Axis Deviation 


Mitral Pulmonary Hyper- Aortic Re- 
Normal] Stenosis* Stenesis* tension* gurgitation* 


otal number cases............. errr 100 100 20 100 wD 

Per Cent. Per Cent. Per Cent. Per Cent. Per Cent. 
\bnormal right axis deviation... . s 47 100 2 4 
\bnormal left axis deviation.. 11 7 0 Ha) my) 
Normal axis deviation...... eu ; =! 46 0 43 46 


* Uncomplicated 


obvious regurgitation, a total of 52 per cent. In the unselected group 
of 100 cases showing no abnormal axis deviation, there were only three 
cases with hypertension, four with aortic regurgitation, and none with 
aortic stenosis, a total of 7 per cent. 

We have also made a study of the subject from the standpoint of 
clinical diagnosis. One hundred normal people of both sexes, and rang- 
ing in age from 8 months to 83 years, showed 8 per cent. with an index 
more minus than — 10, which 8 per cent. included the only two people 
who gave an angle greater than -+ 90 degrees. Three per cent. of these 
100 normal persons showed an index greater than + 20. Two of these 
three cases had an angle of less than O degrees and there were eight 
additional persons with normal index but angle in the right upper 
quadrant. 

COMMENT 


For comparison, 100 cases of mitral stenosis uncomplicated by aortic 
regurgitation or hypertension were studied; 43 per cent. showed an 
index more negative than — 10 and an additional 8 per cent. had an 
index of just —10. Not one of the 100 cases had an index as high 
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as +20. Thirty-seven per cent. showed an angle greater than + 90 
degrees, thirty-three of whom are already included in the forty-three 
showing an index more negative than —10. Nine cases gave an angle 
of just 90 degrees. Seven cases showed a negative angle. 

Incidentally, of the 57 cases showing normal rhythm of these 100 
cases of mitral stenosis, forty-four (or 77 per cent.) had abnormally 
high P waves in Lead | (over one millimeter high), Lead II (over 
two millimeters high) or in both leads. 

Twenty unselected cases of probable pulmonary stenosis in con 
genital heart disease all showed an index more minus than — 10 and all 
but three had angles greater than + 90 degrees, these three exceptions 
having angles of just 90 degrees. Incidentally in every case the P wave 
was abnormally prominent in Lead I (over one millimeter high), Lead 
Il (over two millimeters high), or in both leads, indicating auricular 
hypertrophy, a fact not hitherto recorded so far as we know. 

One hundred unselected cases of uncomplicated hypertension showed 
an index of over + 20 in 44 per cent. and a negative angle in 47 per 
cent., as compared with 3 per cent. and 10 per cent., respectively, in 
the group of 100 normal persons. Only two of the hypertensive cases 
gave an index more minus than — 10 and none had an angle as great 
as + 90 degrees. 

Finally fifty unselected cases of aortic regurgitation uncomplicated 
by mitral stenosis or hypertension were studied, 38 per cent. of them 
showing an index of over + 20 and 40 per cent., a negative angle. But 
two cases had an index more minus than — 10 or an angle over + 90 
degrees. 

SUMMARY 

Thus, in summarizing, it is evident that there is a definite relation- 
ship between abnormal right axis deviation by electrocardiogram and 
mitral stenosis and pulmonic stenosis, and between abnormal left axis 
deviation and aortic regurgitation and hypertension. Also the auricular 
complex of the electrocardiogram in Lead I, Lead II, or both, is almost 
always abnormally prominent in cases of pulmonary stenosis and of 
mitral stenosis. 























A NEW LIVER FUNCTION TEST 
THE ELIMINATION OF ROSE BENGAL WHEN INJECTED INTO THE 
CIRCULATION OF HUMAN SUBJECTS * 


G. D. DELPRAT, M.D.; N. N. EPSTEIN, M.D. 
AND 
WILLIAM J. KERR, M.D. 


SAN FRANCISCO 


Various tests, which have been devised to estimate the functional 
capacity of the liver, have not proved to be of great clinical value. Most 
of these tests have been used in an attempt to study only one of the 
several well known functions of the liver. More recently some of the 
dyes have been employed as permeability tests for liver activity. Among 
the dyes advocated for this purpose have been methylene blue,’ congo 
red,? indigo carmine,* and phenoltetrachlorphthalein. The last of these 
lyes has been most extensively studied. Rowntree, Hurwitz and Bloom- 
field * tried to estimate the permeability of the liver by the extraction 
of the dye from the feces after injection into the blood stream. This 
method was subject to many sources of error in the collection and 
extraction of feces and its use has largely been abandoned. The next 
step in advance was the modification of McNeil,® who used the duodenal 
tube and determined the amount of dye recoverable from the intestine. 
This method had obvious clinical limitations because of the difficulties 
in passing the duodenal tube and in collecting all the bile secreted in a 
given time. The test was further modified by Piersol and Bockus,® 
who probably achieved greater accuracy in estimating the appearance 
time of the dve in the duodenum after intravenous injection. 

An approach to the problem from a different angle was made by 
Rosenthal * who devised a method of investigating the liver by inject- 

*From the Department of Medicine, University of California Medical 
School. 

* Read before the Southern California Medical Association, Santa Barbara, 
Calif., April, 1924. 
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3. Einhorn, M., and Laporte, G. L.: New York M. J. 118:350 (Sept. 19) 
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4. Rowntree, L. G.; Hurwitz, S. H., and Bloomfield, A. L.: Bull. Johns 
Hopkins Hosp. 24:327, 1913. 

5. McNeil, H. L.: J. Lab. & Clin. Med. 1:822, 1915. 

6. Piersol, G. M., and Bockus, H. L.: Observations on the Value of 
Phenoltetrachlorphthalein in Estimating Liver Function, Arch. Int. Med. 31:623 
(May) 1923. 

7. Rosenthal, S. M.: J. Pharmacol. & Exper. Therap. 19:385 (June) 1922; 


A New Method of Testing Liver Function with Phenoltetrachlorphthalein, 
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ing the dye into the blood stream and observing the concentration of 
the dye remaining after certain intervals of time. Rosenfield and 
Schneiders > have used an almost identical method, with some varia- 
tions in technic. The results obtained by the latter two investigators, 


s 


Rosenthal * and Rosenfield and Schneiders,” are in direct accord with 
our findings with rose bengal, since they show that phenoltetrachlor- 
phthalein and rose bengal remain in the circulation for a longer period 
of time in cases where there is evidence of liver disease. This retarda 
tion in the elimination has been taken as evidence of liver injury. 


” 


In a previous communication one of us * discussed the elimination 
of rose bengal from the circulation after its injection into the blood 
stream of dogs, and the variation of the rate of its elimination after 
experimentally produced liver injury. In this paper we will point out 
the close similarity between the rate of elimination of the dye after 
injection into the human circulation and its elimination after injection 
into the circulation of dogs, and will note the modification of this rate 
of elimination in cases of definite liver disease. 


METHOD 


The dye used in these experiments, as before mentioned, is rose 
bengal, diiodotetrachlorfluorescence of the triphenylmenthane series. 
As stated in our previous paper it was found to be entirely eliminated 
by the liver after injection into the circulation, the urine remaining 
free from the dye in animals. No evidence of toxicity was noted 
from dosages up to 100 mg. of the dye for a dog weighing 18 kg. We 
felt encouraged to try the same method on human subjects, using 
smaller doses. We found, however, in one subject that the dye caused 
a rise in temperature; in another a rise in temperature and a slight 
chill occurred. The latter (Case 16) had a marked, and the former, 
a moderate retention of the dye in the blood stream. In all cases, 
including those with marked biliary obstruction, the urine remained 
free from the dye, with the exception of Case 14, in which a most 
marked retention of the dye in the blood stream was observed. This 
patient suffered from carcinoma of the common bile duct. It is of 
interest to note that the ascitic fluid of Case 21, withdrawn soon 
after the injection of rose bengal into the blood stream, showed traces 
of the dye, but they were too small to estimate. Further work on the 
physiologic chemistry and the extremely interesting behavior of the 


8. Rosenfield, H. H., and Schneiders, E. F.: Improved Phenoltetrachlor- 
phthalein Test for Liver Function, J. A. M. A. 80:743 (March 17) 1923. 

9. Delprat, G. D., Jr.: Studies on Liver Function; Rose Bengal Elimina- 
tion from the Blood, as Influenced by Liver Injury, Arch. Int. Med. 32:401 
(Sept.) 1923. 























unr 


DELPRAT ET AL—LIVER FUNCTION TEST 53 


lve has been undertaken by Dr. C. L. A. Schmidt, in the Department 
if Biochemistry, University of California Medical School. 
Another characteristic of the dye is its photodynamic activity which, 
s has been demonstrated by Schmidt and Norman,’” is more marked 
n rose bengal than in the other members of the triphenylmethane 
series. This property of the dye is of practical moment in its applica- 
tion in this work, since in our earlier human subjects we experienced 
onsiderable difficulty with hemolysis. To reduce this factor to a mini- 
1um the technic of the test has been modified, in that the blood is 
lected and kept before centrifugating in a subdued light and cen- 
‘rifugated as soon as possible after collection. As a precautionary 
easure, the patient is kept in a darkened room for an hour following 
e injection of the dye, although it is improbable that sunlight would 
ive a markedly deleterious effect on a patient into whom the dye had 
een injected, since the injection of 100 mg. into a normal dog weighing 
' kg. caused no discernible effect after the dog had been exposed to sun- 
ight for several days. This point was not emphasized in our previous 
aper, because the red cells of the dog appear to be more resistant to 
‘emolysis than human red cells. 
The technic described further on seems to have certain advantages : 
n the first place the patient is subjected to a single puncture of the vein; 
secondly, the actual time of operation on the patient is less than ten 
ninutes and the final mathematical result of the test is available in 
ixty minutes from the time of its commencement. The dye is easy to 
btain in bulk, can be sterilized without chemical change and is not 
expensive. 
TECHNIC 
The technic of injection of the dye and the collection of blood 
samples is exactly the same as that described in our previous paper. A 
vein in the cubital fossa is selected and a sample of blood is withdrawn 
with a syringe and discharged into a graduated centrifuge tube con- 
taining 2 c.c. of a 2 per cent. solution of potassium oxalate. Without 
the needle being removed from the vein, either 100 or 150 mg. of the dye, 
in a sterile 1 per cent. physiologic sodium chlorid solution, is injected 
and the needle washed out by a further injection of 5 or 10 c.c. of the 
solution. The needle is left in the vein, and at exactly two minutes 
after the injection of the dye a sample of blood (10 c.c.) is withdrawn 
from the needle still in situ into a fresh syringe, and discharged into 
another graduated centrifuge tube containing 2 c.c. of oxalate solution. 
The needle is again washed by injecting 5 or 10 c.c. of physiologic 


10. Schmidt, C. L. A., and Norman, G. F.: Protection Afforded to Red 
Cells Against Hemolysis by Eosin, Jour. Infect. Dis. 27:40 (July) 1920; J. 
General Physiol. 6:681 (July) 1922. 
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sodium chlorid solution, which maneuver prevents the clotting of blood 
in the needle. At four and eight minutes, respectively, from the time 
of injection samples of blood are withdrawn and collected in an iden- 
tical manner. The needle is then withdrawn from the vein in the arm 
and the patient is told to remain in the darkened room for an hour. It 
is our practice to advise the patient that the appearance of the dye in 
the stools will impart to them a distinct red color, since the unexpected 
appearance of the red stools may cause considerable alarm. 

As soon as possible after collection, the blood samples are centri- 
fugated at a speed of 2,000 revolutions per minute for thirty minutes. 
The percentage of cells and plasma in each tube is then carefully noted. 
Three cubic centimeters of plasma from the samples of blood taken at 
two, four and eight minutes respectively after the time of injection, 
are then diluted in separate tubes with an equal volume of physiologic 
sodium chlorid solution, and the color of the dye in these solutions 
is compared in a Helling colorimeter, with a standard solution contain 
ing 5 c.c. of plasma from the “control tube,” that is, the sample oi 
blood withdrawn from the vein before the injection of the dye, and 5 
c.c. of an 0.0075 per cent. solution of rose bengal. It is evident that 
an allowance must be made for the fact that the plasma in the graduated 
centrifuge tube contains 2 c.c. of potassium oxalate solution, and that 
some correction of the colorimeter reading must be made to allow for 
this dilution.” 


11. For example: after centrifugating for thirty minutes the graduated 
centrifuge tube contained 4.3 c.c. of cells and 7.0 c.c. of supernatant fluid. The 
colorimeter reading of the plasma was 25 per cent. of the standard (0.0075 
per cent. solution). If this plasma did not contain the 2 c.c. of oxalate the 
reading would have been twenty-five times 7.0 divided by 5.0. But the dye 
which is found in the supernatant 5.0 c.c. of plasma was, before centrifugating 
in the total 9.3 c.c. of blood. Hence the correction of the colorimeter reading 
giving the correct percentage of the dye in the blood stream, is represented by 
—“-* - 2 33 (which is 18.8) per cent. of the 0.0075 per cent. solution of rose 
bengal. After these corrections have been made we obtain what we have 
termed “corrected colorimeter readings,” such as are found in the charts. 

Having obtained the concentration of the dye in the blood sample with- 
drawn two minutes after the injection of the dye and knowing the total amount 
of the dye injected into the circulation, it is a matter of simple proportion to 
calculate the blood volume of the person. 

To continue the given example: two minutes after injection of 100 mg. 
of dye into the circulation the concentration of the dye in the blood was 18.8 
per cent. of an 0.0075 per cent. solution of the dye, which is 0.00141 per cent. 
That is, 100 c.c. of blood contains 1.41 mg. of dye. Therefore, the blood volume 
of the person, into which this injection was made is oo c.c., or 7,092 c.c. 

This can readily be reduced for convenience in calculation to the following 
formula, which differs somewhat from the formula of our previous paper: 

Milligrams of dye injected x volume of blood withdrawn x 10° 


Blood volume = Uncorrected colorimeter reading X 0.0075 X centrifuge tube 


contents less cell volume 
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Since we have injected a uniform amount of dye into persons of 
different weight and therefore of different blood volumes, it follows 
that the concentration of the dye in the blood samples obtained two 
minutes after injection should show considerable variation, and that 

would be impossible to compare the corrected colorimeter readings 

i different persons with one another unless these readings were reduced 
to some arbitrary standard blood volume. The standard blood volume 
selected arbitrarily and purely for convenience for the purpose of this 
aper is 7,000 c.c. Thus in the foregoing the corrected colorimetric 
eading of the “two minute sample” of blood is 18.8 per cent. of an 
0075 per cent. solution of the dye, from which the blood volume, of 
7,070 c.c. can be calculated. If now we reduce this to our standard blood 
volume of 7,000 c.c. it is evident that it is necessary to multiply the 
reading 18.8 by 7,070 and divide the result by 7,000 which gives 19.1 per 
ent. of an 0.0075 per cent. solution. This figure (19.1) is necessarily 
mathematical constant since it expresses the concentration of a fixed 
‘mount of dye (100 mg.) injected into a fixed volume (7,000 c.c.). 

Occasionally in large persons we have injected 150 mg. of dye 
nstead of 100 mg., in which case we multiply the reading, which has 
en reduced to the standard blood volume of 7,000 c.c., by 100 and 
livide the result by 150, thus standardizing the dosage as well as the 
blood volume. After these corrections have been made it is possible to 
‘ompare the rates of elimination of the dye from the circulation of dif- 
ferent persons one with the other. Charts 1, 2 and 3 show curves repre- 
senting the rate of elimination of the dye from the blood streams of 
the patients whom we have studied. Since the liver is presumably acting 
on a progressively decreasing amount of dye remaining in the circula- 
tion, it would seem correct to use as the ordinates of the curves the 
logarithms of the different concentrations of the dye. 

Chart I shows the logarithmic curves of the concentration of the 
dye four and eight minutes after injection of 100 mg. of rose bengal 
(when computed on the basis of a standard blood volume of 7,000 
c.c.), in a series of twenty-four cases clinically free from liver disease 
selected from the medical wards of the University of California 
Hospital. In these cases the average concentration of the dye four 
minutes after injection was 0.00116 per cent., varying between 0.00137 
per cent. and 0.00060 per cent.; and eight minutes after injection the 
average concentration was 0.00085 per cent., varying between the 
limits of 0.00102 per cent. and 0.00061 per cent. 

Chart 2 shows the logarithmic curve of a series of thirteen cases 
with clinical evidence of liver disease. In this group the average con- 
centration of the dye in the blood four minutes after injection was 
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Fig. 1.—Logarithmic curves of the concentration of rose bengal in the circula- 
tion of normal persons after the intravenous injection of 100 mg. of the dye. 
Colorimetric readings have been corrected to an arbitrary blood 


volume of 
7,000 c.c. for comparison 
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Fig. 2—Curves obtained on a group of patients with liver disease. Per- 
centages at the right of chart express the suggested function of the liver. 
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().00136 per cent., varying between 0.00160 and 0.00116 per cent., and 
eight minutes after injection the average concentration was 0.00124 
per cent., varying between 0.00144 and 0.00116 per cent. It can be 
seen that the average concentration of the dye in the blood four and 
ight minutes after injection in the group with liver disease is con- 
iderably higher than in the normal group, and that the lowest con- 
entration reached at four and eight minutes in the abnormal group is 
onsiderably above the highest variation in the normal group. The 
sroup with liver disease is composed of the following cases : 


ABSTRACT OF ABNORMAL CASES 

Case 14.—Carcinoma of head of the pancreas, complete biliary obstruction, 
» ascites. : 

Case 15.—Cirrhosis of the liver, end stage of Banti’s disease, marked ascites, 
onfirmed at operation. 

Case 16.—Syphilis of the liver, jaundice, ascites 

Case 17.—Carcinoma of the head of the pancreas, with complete obstruction, 
onfirmed at operation. 

Case 18.—Cirrhosis of the liver, jaundice, ambulatory. 

Case 19.—Cirrhosis of the liver, marked ascites. 

Case 21.—Cirrhosis of the liver, marked ascites, jaundice. 

Case 30.—Enlarged liver, mediastinal tumor, question of metastatic malig- 
ancy of the liver. 

Case 31.—Advanced cirrhosis, von Jaksch disease, confirmed by necropsy 

Case 33.—Cirrhosis with marked ascites. 

Case 39.—Moderately advanced cirrhosis of the liver with ascites 

Case 20.—Postoperative cholecystitis and cholelithiasis. Probable cirrhosis 


Case 22.—Cancer of rectum, extensive liver metastases. 


This group includes persons with complete biliary obstruction, where 
no elimination of the dye through the liver could be expected. 

Chart 3 includes a group of seven patients who have a history of 
probable chronic cholecystitis. This group includes men and women 
who were apparently in good health and ambulatory, but who could not 
be classified as normal because of the possibility of liver disease. It is 
not surprising that persons appear in this group who show curves which 
may well be classified as normal on the basis of the test that has been 
outlined in the foregoing. These cases are numbered 4, 13, 34, 35, 36, 
37 and 38. The curve in Case 4 lies just above the upper limit of 
variation of the normal group but can hardly be considered as definitely 
abnormal. The border-line group includes : 


Case 4.—Chronic passive congestion. 

Case 13.—Chronic interstitial nephritis and cardiac failure, with general 
anasarca, chronic passive congestion of the liver. 

Case 34.—Chronic cholecystitis. 

Case 35.—Chronic cholecystitis. 
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Case 36.—Cirrhosis of the liver (seen three years before at operation), 
patient ambulatory and apparently well. 

Case 37.—Chronic cholecystitis and cholelithiasis. 

Case 38.—Chronic cholecystitis. 


This last group of cases illustrates the probability that a considerable 
degree of liver damage must exist before any variation from a group 
of normal persons can be determined; and that although a pathologic 
condition of the liver tissue may be determined microscopically, that 
enough normal parenchyma exists to carry on the various functions of 
the organ. This same limitation is seen in the permeability test of 
the kidney with phenolsulphonephthalein. 
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Fig. 3.—Curves obtained on a group of border-line cases with possible 
liver disease. 


CONCLUSIONS 

1. In normal persons, following the injection of a given amount 
of rose bengal into the circulation, the concentration of the dye computed 
under standard conditions of dosage and blood volume does not exceed 
certain limits at four and eight minutes after the time of injection. 

2. In abnormal cases, where evidence of liver disease can be demon- 
strated clinically, the concentration of the dye in the circulation computed 
under standard conditions of dosage and blood volume, at four and 
eight minutes from the time of injection, exceeds the limits of con- 
centration of the normal cases. Complete biliary obstruction, which 
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can be determined by other clinical tests, causes a retention of the dye 
in the blood stream. 

3. When it can be shown that the rate of elimination of rose bengal 
irom the circulation, after injection, is reduced, or in other words, when 
the concentration of the dye at four and eight minutes after injection 
exceeds the normal limits, a certain degree of liver dysfunction may be 
issumed to exist in the absence of complete biliary obstruction. 

4. A rough estimate can be formed from the concentration of the 
lye remaining in the circulation at four and eight minutes after injec- 
tion of the extent of the liver disease. 











STUDIES IN THE DIASTATIC ACTIVITY OF THE 
BLOOD, WITH A CONSIDERATION OF ITS 
VALUE IN CLINICAL DIAGNOSIS * 


I. C. BRILL, M.D 


PORTLAND, ORE. 


In 1917, Myers and Killian' published a simple, delicate and 
accurate method for estimating the diastatic activity of the blood. 
Briefly, the method consists in allowing a known quantity of blood 
(2 cc.) to act on a known quantity of pure soluble starch (1 c.c. of a 
1 per cent. solution = 10 mg.) for a definite length of time (fifteen 
minutes) in a water bath at 40 C. The glucose thus produced by the 
blood diastase is then determined by the Myers and Bailey method.’ 
A control is run in a second tube to determine the original glucose 
contained in the 2 c.c. of blood, which is deducted from the total 
glucose found in the first tube. The results are recorded in terms of 
the percentage of the starch (10 mg.) transformed to reducing sugar 
(calculated as glucose) by the 2 c.c. of blood employed. Thus, by a 
“diastatic activity of 15° is meant that 15 per cent. of the 10 mg. o! 
starch was converted into glucose by the diastase in the 2 c.c. of 
blood used. 

In introducing their method, Myers and Killian state that, con 
cerning the question of blood diastase in human diabetes, ‘Foster, 
3ainbridge and Beddard, Schlesiner, Wynhausen, Ghedini, and Stocks 
were unable to come to any conclusions, though Loewi regarded the 
diastase of considerable importance, and Moeckel and Rost state, 
apparently from meager data, that the diastatic activity of the blood in 
human diabetes is almosts always higher than normal.” In a study of 
blood diastase, on a series of normal and miscellaneous hospital cases, 
Myers and Killian found that in normal blood the diastatic activity, as 
estimated by their method, varied from 15 to 25. Ina series of thirteen 
cases of diabetes they found the diastase much increased, the figures 
varying from 39 to 74. In eleven of 23 cases of nephritis they found 
the diastase to range from 30 to 52. The fact that these cases, in which 
a high blood diastase was noted, also showed a hyperglycemia, suggested 
to the authors the idea “that the increased diastatic activity in both 
diabetes and nephritis (as shown by the analyses of the blood) may be 





*From the Medical Clinic of the Peter Bent Brigham Hospital, Boston. 

1. Myers, V. C., and Killian, J. A.: Studies on Animal Diastases, J. Biol. 
Chem. 29:179 (March) 1917. 

2. Myers, V. C., and Bailey, C. V.: The Lewis and Benedict Method for 
the Estimation of Blood Sugar with Some Observations Obtained in Disease, 
J. Biol. Chem. 24:147 (Feb.) 1916. 
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the important factor in the production of the hyperglycemia in these 
conditions.” As a result of their studies, Myers and Killian con- 
cluded that ‘a fall in the blood diastase would appear to afford a more 
reliable guide to the efficacy of the dietetic treatment in diabetes than 
either the blood sugar or urine sugar. Furthermore, an increase in 
blood diastase may constitute a very early sign of impending diabetes.” 

DeNiord and Schreiner * failed to confirm the findings of Myers 
and Killian. Using the Myers and Killian method for blood diastase 
estimation, DeNiord and Schreiner reported their observations on six 
cases of diabetes, all of which showed a low or normal blood diastase. 
since these cases were syphilitic, and the results so opposed to the work 

f Myers and Killian, DeNiord and Schreiner suggested that a low 
liastatic activity in diabetes was possibly indicative of an associated 
-yphilitic infection. 

Block,* after summarizing the literature on the subject, arrived 

t the conclusion that the determination of the diastatic activity of the 
vlood was of but limited clinical significance ; that the normal variations 
vere exceedingly great, and that unless the diastatic activity of the 
‘lood was increased to a value of 100° or more it could not be regarded 
f diagnostic import. However, in Block’s opinion, an increase in 
blood diastase to 100 or more is indicative of pancreatic disease. Block 
included in this connection, diseases of the neighboring organs affect- 
ing the pancreas secondarily, such as a duodenal ulcer perforating into 
the pancreas or obstructing the pancreatic duct; but he did not include 
diabetes. In the latter instance he found the reports conflicting, and 
his own observations did not warrant him to regard the blood diastase 
f any significance in this disease. 

The present study was undertaken in order to establish the clinical 
value of blood diastase determinations, made according to the method 
of Myers and Killian, in diabetes, nephritis and diseases of the pancreas. 
For this purpose the following plan of investigation was carried out. 

3. DeNiord, H. H., and Schreiner, B. F.: Diastatic Activity of the Blood 
in Cancer, Syphilis and Diabetes, Arch. Int. Med. 28:484 (April) 1919. 

4. Block, W.: Die praktische Verwertbarkeit der Amylase- (Diastase-) 
Bestimmung in Blut und Urin fiir die Diagnostik der verschiedensten path- 
ologischen Zustande, Ztschr. f. klin. Med. 93:381, 1922. 

5. Block does not state clearly what unit of diastatic activity he used; 
but from the text one may infer that he employed Wohlgemuth’s (Biochem. 
ztschr. 9:1 [Jan.] 1908) colorimetric method, which is based on an iodin 
starch reaction, and the figure 100 refers to the number of cubic centimeters 
of 1 per cent. starch solution that could be converted into dextrin by 1 c.c. 
of blood serum in twenty-four hours at 40 C. From a comparative study of 
the results on Block’s normal subjects, obtained by this method, and my normal 
figures obtained by the Myers and Killian method, I regard the value of 100 
by Wohlgemuth’s method to be equivalent to about 50 or 60 by the Myers and 
Killian method. 
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METHOD OF INVESTIGATION 


1. The diastatic activity of normal human blood was determined 
in thirty-five cases in order to establish a normal standard. These 
estimations included observations on the effect of food and time of day 
on blood diastase in normal subjects. 

2. The diastatic activity of diabetic blood was determined in twenty- 
five cases. Observations were also obtained on the immediate effect 
ot food and insulin on the blood diastase in diabetes. 

3. The diastatic activity of dog’s blood was determined in four 
normal and two depancreatized dogs. 

4+. The diastatic activity of human blood was determined in one 
case of carcinoma of the pancreas. 

5. The diastatic activity of human blood was determined in five 
cases of nephritis. 

The results of this study are tabulated. 


DIASTASE IN NORMAL HUMAN BLOOD 
For the purpose of establishing an accurate normal standard two 


groups of cases were studied. One group consisted of thirteen normal 


Taste 1.—The Diastatic Activity of Normal Human Blood * 





Units of 
Blood  Diastatie 

Case Diagnosis Sugar Activtiy Remarks 

1 R Normal slau cdiniGalabints 0.113 ” 

2 I Normal... orcas 0.140 10 

3 ( Sere we 0.130 11 

4 Ss Normal........ eee 0.140 6 

5 A Normal... peas “ 0.112 7 

6 Student Normal. etd . 0.091 19 

7 Student Normal............ 0.090 12 

8 Student Normal................ 0.099 16 

9 Cc Normal... Lievens 0.110 8 
1” kK OT” 0.123 11 
11 dD eee 0.100 6 
12 Ss OS Rene 0.109 12 
13 dD PEI: pes rwenes vas 0.102 s 
14 Cc Duodenal uleer.......... O.114 4 
15 B Duodenal uleer.......... 0.117 12 
16 R Duodenal ulcer........ 0.091 9 
17 Ss Duodenal uleer.. neae 0.109 17 
18 Y Duodenal uleer......... 0.099 9 
19 B Rheumatie pericarditis. 0.113 4 Convalescent. Practically well 
20 J JS eee 0.107 a4 Convalescent. Practically well 
21 B Duodenal uleer........ 0.100 11 
22 F Chronic diarrhea....... 0.113 15 
23 L Duodenal uleer.......... 0.125 18 Diagnosis questionable 
4 H Duodenal uleer.......... 0.104 23 
25 L Duodenal uleer.......... 0.099 13 Diagnosis proved at operation 

and at necropsy 

8 N Pneumonia.............. 0.130 21 Convalescent. Practically well 
27 G Medical observation.... 0.099 16 
28 P PEED. cccevestenteves 0.094 14 
29 ~«€6©Ch_~—sORespiratory infection.. 0.107 13 Convalescent. Practically well 
30 =6©«Ch~ = Pulmonary tuberculosis 0.107 18 Inactive process 
31 Sh Asthma, bronehial...... 0.084 16 No recent attacks 
32 G Pelvie tumor.......... , 0.097 15 Proved to be carcinoma 
33 x GM Bincecerescessevese- 0.174 6 Due to illuminating gas poisoning 
34 x Acute diarrhea.......... 0.192 18 Young child 
35 De Medical observation.... 0.124 2 





* Cases 14 to 35 represent a group of miscellaneous hospital cases, which for the purpose 
of this investigation may be regarded as essentially normal. 
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persons composed of students and members of the hospital staff. The 
other group consisted of twenty-two miscellaneous hospital patients, of 
whom all but two showed a normal blood sugar. The results are 
recorded in Table 1. 

As can be seen from examining the figures in this table, the diastatic 
activity in normal blood may vary between 2 and 24. Myers and 
Killian,” give from 15 to 25 as the normal limits. In repeating blood 
diastase estimations on the same person at intervals of a week or more, 
I obtained much more constant figures, five units being the highest 
variation noted. It appears, therefore, that, although in different 
persons blood diastase may vary between wide limits, in the same subject 
the variations are much less marked. 

TaBLe 2.—The Effect of Food on the Diastatee Activity of Normal Human Blood 





Casel Case 2 Case 3 Case 4 Case 5 Case 6 
pm, pee A — pee — vA — — A ——, 
Time 
ee a> hes > ‘ 
s= ee s= u s= u be s= es 
3 zx > s xb 8 =e 3 re] => 3 = 
os ae os == 4 tek = oo “= be pK: 
R “a DR “a R ~P BR ZL > PR = 
° S S om ° 
= s 8 _— 2 ss 9% 3S ss 8 sg 
= a s° 32 5° & zs ss 3 & 
= = =) = ~ = = » a =) 
Fasting......... 0.102 8 0.100 6 0.117 ll 0.107 24 0.125 18 0.130 1 
% hour after 
MGR sc occcevss 0.137 9 0.108 4 
1 hour after 
Saree 0.136 4 0.108 6 . 
1% hours after 
meal tscoves G28 8 0.124 2 0.122 12 0.108 23 9.140 22 0.115 20 
2 hours after 
meal..... .. 0.113 7 


Table 2 gives the results of experiments which were made to show 
the effect of food on the diastatic activity of the blood in normal 
subjects. The figures obtained in these experiments seem to indicate 
that normal blood diastase is not affected by food or time of day. 
Those findings are in accord with the observations of Carlson and 
Luckhardt,’ who performed similar experiments on animals.* 


6. Myers, V. C.: Practical Chemical Analysis of Blood, Ed. 2, St. Louis, 
C. V. Mosby Co., 1924, p. 84. 

7. Carlson, A. J., and Luckhardt, A. B.: On the Diastase in the Blood 
and the Body Fluids, Am. J. Physiol. 23:148 (Dec.) 1908. 

8. Carlson and Luckhardt studied blood diastase in a variety of animals, 
including dogs, cats, rabbits, pigs, sheep, goats and pigeons. They measured 
the concentration of the diastase in the serum “by (1) the rate of clearing 
and (2) by the rate of complete disappearance of erythrodextrin in the starch 
solution. The starch solution and serum or lymph were usually mixed in 
the proportion of from 5 to 0.1 c.c. and kept in thermostat at 38 C.” The 
unit of diastatic activity used by these authors is not clearly defined. The 
concentration of the blood diastase was recorded as “equal,” “greater” or “less” 
than some assumed standard, thus indicating respectively an equal, shorter, 
or longer time required to clear the starch solution at the given temperature 
(38 C.) and at the given proportion of starch serum mixture (5 to 1 c.c.). 
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BLOOD DIASTASE IN DIABETES 


Table 3 shows the results obtained in a series of twenty-five cases 
of diabetes. They were all typical cases with the exception of one 
patient (Case 25) who came in to the hospital with symptoms of 
acromegaly and pituitary disease. An examination of the results 
recorded in this table reveals the fact that, with the exception of the 


Taste 3.—The Diastatic Activity of the Blood in Diabetes 


Units of 
Case Blood Diastatic Remarks 
Sugar Activity 
1 Cc 0.149 12° Urine sugar + (mild case) 
2 O.D. 0.214 12 Urine sugar ++ 
3 P 0.256 11* Urine sugar ++ 
4 R 0.380 15* Urine sugar +++ 
5 B 0.310 14* Urine sugar ++++ 
6 F 0.295 l4* Urine sugar + 
7 R 0.245 3° Urine sugar + (trace) 
8 Ww 0.185 10 Urine sugar ++ 
9 Pp 0.221 18 Urine sugar +++ 
Ww R 0.425 19 Urine sugar ++++ 
11 MeL 0.136 Urine sugar + 
12 Sh 17° Urine sugar 1.8 per cent. 
13 w 6" Urine sugar 6 per cent. 
14 K 25° Urine sugar 1.4 per cent. 
15 R 26* Urine sugar ++ 
16 H 16" 
17 Cc 18* Under treatment with insulin 
18 T 18* Only traces of sugar in urine 
19 x 14 Urine sugar 7 per cent. 
20 G 1 Urine sugar 6 per cent. 
G 10.6* Urine sugar 5 per cent. 
21 Ss 10* Urine sugar + 
22 B 12 Urine sugar +++ 
B 17 Urine sugar neg. 
23 BI 23 Urine sugar ++ 
24 P 15 Urine sugar ++++ 
25 R 32 Evidence of pituitary tumor with acro- 





megaly symptoms. Urine sugar + + 











* Blood drawn during fasting state. Others were examined in from 1 to 2 hours after 


meals. 





TaBLe 4.—The Effect of Food on the Diastatic Activity of the Blood in Diabetes 








Case 1 Case 2 
Sete sr a t 
Blood Units of Diastatie Blood Units of Diastatie 
Time Sugar Activity Sugar Activity 

Rs onccccnccpenseescccoe 0.363 10 0.300 14 
One-half hour after meal.. 0.425 9.4 want wn 
1 hour after meal........... 0.483 11.4 oan aa 
1% hours after meal........ 0.487 7 0.540 12 








one typical case, the diabetics in this group yielded figures for blood 
diastase essentially like those obtained in our series of normal persons. 
Syphilis was excluded as a factor, since the histories justified such 
exclusion in all cases but one, and the Wassermann reaction was 
negative in every instance. 

Table 4 records the results of experiments which were made to 
show the effect of food on the blood diastase in diabetes. The results 
obtained in this study are much like those seen in similar experiments 
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on normal persons. It is interesting to note that although the blood 
sugar rose considerably after the patient had taken food, the blood 
diastase remained either unaffected or was even lowered. These results 
speak against any relationship between hyperglycemia and increased 
diastatic activity of the blood. 


EFFECT OF INSULIN 
Table 5 records the results of experiments made to demonstrate the 
effect of insulin on the diastatic activity of the blood in diabetes. It 
will be seen from an examination of these figures! that although the 
blood sugar showed a marked and steady reduction in each instance, 


Taste 5.—The Effect of Insulin on the Diastatic Activity of the Blood in 
Human Diabetes 





Case 1 Case 2 
vom —wA——- a reo 
Units of Units of 
Blood Diastatie Blood Diastatie 
Sugar Activity Sugar Activity 
Dec. 17, 1923. Six weeks before the 
insulin experiment, Case 1 was ex- 
amined in the Outdoor Depart- 
ment with these findings........... 0.200 1s 
Experiment: Jan. 29, 1924: 
WeGets WUE secnccsstcccccoussssacs 0.540 1 Before insulin 0.353 14 
14 hour after 10 units of insulin... 0.465 16 20 units given (zee is 
1 hour after 10 units of insulin.... 0.395 17 1 hour later 0.166 19 
1% hours after 10 units of instlin.. 0.387 17 1% hours later 0.102 14 
2 hours after 10 units of insulin.... 0.353 13 ashe a 
2% hours after 10 units of insulin.. 0.342 12 2% hours later 0.111 14 
Feb. 6. After receiving one week's 
eareful dietary treatment in the 
ward, with a sugar free urine, 
Case 1, on reexamination showed. 0.220 17 





there was no corresponding change in the blood diastase. On the whole, 
the variations noted were not unlike those seen in similar serial deter- 
minations in both normal and diabetic subjects who had not received 
insulin; and the results suggest that insulin is without significant 
influence on the diastatic activity of the blood in diabetes. Myers,® on 
the other hand, reported a similar experiment in one case, noting a 
slight reduction in the blood diastase after insulin. 


BLOOD DIASTASE IN NORMAL AND IN DEPANCREATIZED DOGS 


The blood diastase in four normal dogs was estimated by the Myers 
and Killian method. The pancreas was then removed in two of these 
dogs, and their blood again examined for the diastatic activity. The 
results of these experiments are recorded in Table 6. As may be seen 
from an examination of these results, the diastatic activity of normal 
dog’s blood is from three to six times as high as the diastatic activity 
of normal human blood. The blood diastase estimations made in the 


EAMETS + > 
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depancreatized dogs yielded figures slightly lower than those obtained 
in the same dogs before the operation or in the other normal dogs. 

These findings correspond with the observations of Carlson and 
Luckhardt,’ who performed similar experiments on two cats. Carlson 
and Luckhardt were able to keep these animals alive for eight and eleven 
days respectively. Frequent diastase determinations on these animals 
showed, in one animal, a slight reduction in the diastatic activity during 


Taste 6.—The Diastatic Activity of the Blood in Normal and in 
Depancreatized Dogs 





Units of 
I xperiments Blood Diastatie 
Sugar Activity 
Dog 1. Normal 0.097 73 
Dog 2. Normal 0.107 87 
Dog 3. Normal . 0.107 7 
Dog 4. Normal sanahadiae 0.116 rr 
Dog 1. Immediately after total extirpation of ‘pancr reas ais 022 65 
Dog 2. Immediately after total extirpation of pancreas.... 0.200 72 
Dog 2. Five hours after operation. Dog has completely recove red. 0.193 67 
Dog 1. Two days after operation. Dog apparently completely 
recovered from operation and is running around like 
eee db 0k 96 He VE eCeaReCaceaeet 0.346 55 


the first five days after the operation, with a return to normal on the 
eighth day; in the other animal the diastatic activity remained normal 
till its death on the eleventh day after the operation. However, Myers 
and Killian report a decided increase in the .blood diastase in one 
depancreatized dog, and Milne and Peters * report increases in the blood 
serum diastase in a large series of dogs after complete or partial 
removal of the pancreas.’° 


BLOOD DIASTASE IN DISEASE OF THE PANCREAS 
It has been seen that pancreatectomy did not immediately affect the 
concentration of the blood diastase to any extent in two dogs. To 
Taste 7.—The Diastatic Activity of the Blood in Pancreatic Disease 


Units of 
F-xperiments Blood Diastatie 
Sugar Activity 
1. Human: Carcinoma of head of pancreas. Determination made 


2 days after operation............ ace ee 0.125 13 
2. Same as 1, four days after operation. roeEr 0.130 10 
3. Dog *: Pancreatic ducts a 10 weeks be “fore ? 0.098 73 
CD OO i CD GE Fino ndcs coccrcccccessvepccnsscocsenesse< : 0.111 os 


* The animal went eouut the usual period of emaciation with recovery and is now well 
nourished, lively, and behaves like a normal dog, with the exception of having large bulky 
stools. 





9. Milne, L. S., and Peters, H. LeB.: Observations of the Glycolytic Power 
of the Blood and Tissues in Normal and Diabetic Conditions, J. M. Res. 26:415 
(July) 1912. 

10. The method for diastase estimations employed by Milne and Peters 
is similar to that of Myers and Killian, but not so accurately standardized 
with respect to quantity of reagents and time of incubation. 
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determine the effect of a diseased pancreas on the diastatic activity 
of the blood, estimations of the blood diastase were made in one human 
case of pancreatic carcinoma found at operation, and in one dog in 
which the pancreatic ducts had been ligated ten weeks before. The 
results of these experiments are recorded in Table 7. 

It will be seen that no significant changes in the blood diastase were 
noted in these two instances. However, Myers and Killian,® reported 
a moderate increase in the blood diastase in two cases of pancreatic 
carcinoma and in two cases of pancreatitis ; and it has also already been 
stated that Block * regarded a marked increase in the blood diastase as 
indicative of pancreatic disease. The diagnostic value of blood diastase 
determinations in suspected pancreatic disease is therefore at present 
uncertain. 


BLOOD DIASTASE IN NEPHRITIS 


Myers and Killian report a decided increase in the blood diastase in 
eleven of twenty-three cases of nephritis in human beings. Fitz," 
experimenting on rabbits in which he produced an acute nephritis by 


Taste 8.—The Diastatic Activity of the Blood in Nephritis 


Phthalein Blood Urea Units of 
Blood Exeretion Nitrogen Mg. Blood Diastatic 
Case Diagnosis Pressure per Cent. per 100 C.c Sugar Activity 
l Chronie nephritis with 
hypertension...... 250/145 0 134 0.187 34 
i. 2. Serre a “ 0 208 0.166 5o* 
later) 
2 Chronic nephritis... ... 140/95 Trace nie 0.136 25 


3 Subacute nephritis 
with features of 
nephrosis (Epstein). 126 9 35 11 0.111 18 

4 Chronie nephritis with 


hypertension...... 180/120 15 33 0.150 15 
5 Chronic nephritis with 


hypertension. ....... 230/140 Trace 12 6.115 29 


* Died 2 days after this determination. 


means of uranium nitrate, obtained an increase in the blood diastase 
(estimated by the Wohlgemuth method) in five out of seven rabbits in 
which kidney lesions were demonstrated histologically. In the present 
study the diastatic activity of the blood was estimated in five cases of 
various types and degrees of nephritis, and the results are recorded in 
Table 8. 

It will be seen that only in one case was a marked increase in the 
blood diastase found. Two estimations were made in this case at an 
interval of seven days. At the time of the second examination the 
patient was in uremic stupor. Although the blood diastase rose from 
34 to 56, the blood sugar, at the same time fell from 0.187 to 0.166. 


11. Fitz, R.: The Relation Between Amylase Retention and Excretion and 
Non-Protein Nitrogen Retention in Experimental Uranium Nephritis, Arch. 
Int. Med. 15:524 (April) 1915. 
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Here again the figures speak against any relationship between glycemia 
and blood diastase. The results, however, seem to indicate that while 
blood diastase determinations can be of but limited value in the diagnosis 
of nephritis, they may prove of prognostic value, a steady rise in blood 
diastase pointing to an unfavorable progress of the disease. Further 


studies along this line seem desirable. 


INCIDENTAL OBSERVATIONS 


During the progress of this investigation several problems arose in 
connection with the technic, which suggested certain experiments. 
Occasionally it was found necessary to keep a blood specimen from 
half to one hour before it was possible to begin the diastase determina- 
tion. In order to ascertain what effect such delay had on the diastatic 
activity, several experiments were carried out, the results of which are 
recorded in Table 9. It will be seen from these results that, although 


Taste 9.—The Stability of the Diastatic Enzyme and its Distribution in the 
Various Blood Components 


Blood Units of Diastatic 





Fxperiments Sugar Activity 
1. Determination immediately after drawing blood from vein... 0.425 19 
2. Same blood as 1, kept 24 hours in refrigerator................ O415 11 = 4% loss 
RD CSUN. bcc cvenctesssavencccsnconteonsencess én 0.353 15.4 
4. Same as 3, kept 24 hours in refrigerator....................++ 0.323 15.4 = no loss 
5. Immediate determination .................. becuse cvaRenacenssnat 0.125 18 
6. Same as 5, kept 2 hours in refrigerator...................++-- 0.115 18 = no loss 
Fa SUR GNNON cn cence ndtachbectcerscvesacuccexeseuss 0.387 17 
8. Same as 7, kept 1 hour at room temperature.................. 0.387 15 = 12.9% loss 
9. Whole oxalated blood.......... ; 0.222 17 
10. Same as 9 without oxalate........... 0.222 17 
11. Whole oxalated blood............... 0.187 34 
12. Plasma from same blood as 11. 0.166 34 
13. Serum from same blood as 11....... 0.166 37 
i SD CD UNL, ccncdecetevncsevetesneaddcetaduntesacennen 0.40 10 
5S. Serum from same DIOOd AB 14..........ccccccerececcvesccreeeces 0.520 23 


| 


a delay of one hour is not likely to result in serious error, it is best to 
begin the determination within fifteen minutes to half an hour after 
drawing the blood from the vein. 

Another question arose concerning the method of collecting blood, 
with special reference to the effect which oxalate might have on the 
enzyme action. Table 9 shows that the oxalate used in this work was 
without effect on the diastatic action of the blood. Two interesting 
observations, however, were made concerning the difference in diastatic 
activity of whole oxalated blood, blood plasma (derived from oxalated 
blood), and blood serum (derived from clotted blood). Equal quanti- 
ties (2 c.c.) were used from each of these blood mixtures, and the 
samples subjected to the same laboratory conditions at the same time. 

It will be seen that, although the blood plasma (oxalated) yielded 
the same results as the whole oxalated blood, yet the blood serum showed 
a higher diastatic activity than the corresponding whole blood. The 
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degree of increased activity varied from a very slight gain to more 
than twice the activity of the corresponding whole blood. This latter 
observation is interesting, as it suggests the possibility that new diastase 
may be produced during the process of clotting, perhaps from diasta- 
togenic enzymes which become activated during the process of clotting. 
lt was noted that the degree of increased activity in serum diastase 
depended on the method of separating the serum, whether the blood was 
centrifuged immediately on clotting, or whether the serum was permitted 
to separate slowly. In the latter instance the increase in diastase was 
greater. Similar observations were noted by Carlson and Luckhardt,’ 
although the variations reported by these investigators were less strik- 
ing. It appears, from these findings, that serum diastase may vary with 
factors not entirely under control, and is, therefore, less desirable for 
comparative studies. 


SUMMARY AND CONCLUSIONS 


1. The diastatic activity of normal human blood was estimated by 
the Myers and Killian method in thirty-five cases. The figures obtained 
varied between 2 and 24. 

2. The diastatic activity of diabetic blood was estimated, by the 
same method, in twenty-four cases of human diabetes. The figures 
obtained were essentially similar to those observed in the normal 
series, varying between 3 and 26. In one atypical case of diabetes 
a blood diastase of 32 was observed. The results, furthermore, indi- 
cated that a low blood diastase in diabetes was in no way suggestive of 
an associated syphilitic infection. 

3. No significant changes were noted in the diastatic activity of the 
blood, in serial determinations, on either normal or diabetic subjects, 
before and after they had taken food. 

4. The injection of insulin in two diabetic subjects produced no 
significant change in the concentration of their blood diastase. 

5. There was no correlation noted between the concentration of the 
blood diastase and the blood sugar concentration in either diabetic or 
nephritic subjects. 

6. The diastatic activity of the blood in two depancreatized dogs 
was slightly lower than normal during the first two days after the 
operation. 

7. A normal blood diastase was observed in one case of carcinoma 
of the head of the pancreas. A normal diastatic activity was also 
obtained in the blood of a dog, in which the pancreatic ducts had 
been ligated ten weeks before, and in which symptoms of pancreatic 
insufficiency had been noted. 
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8. A decided increase in blood diastase was obtained in one case of 
severe nephritis. The results suggested the possibility that serial 
determinations in severe nephritis might prove of prognostic value. 

9. Estimation of the diastatic activity of the blood, as determined by 
the method of Myers and Killian, yielded no information of clinical 
value in the cases of diabetes and in the one case of pancreatic carci- 


noma studied. 











BASAL PULSE RATE AND PULSE PRESSURE 
CHANGES ACCOMPANYING VARIATIONS IN 
THE BASAL METABOLIC RATE 


J. MARION READ, M.D. 


SAN FRANCISCO 


The role played by the blood and circulatory system in the gaseous 
metabolism of the body has constituted the subject of numerous investi- 
cuions. These fall naturally into two groups. One comprises researches 
into the oxygen carrying capacity of the hemoglobin and the other group 
‘-mbraces studies on the volume flow of blood. The necessity for a wide 
range of functional adaptation is apparent when we recall that during 
evere exercise the amount of oxygen required may be seven or eight 
times greater than that which suffices under resting conditions. 

Bareroft, Haldane and their co-workers demonstrated the reserve 
power of the hemoglobin by showing that under ordinary conditions 
xyhemoglobin gives up approximately only one-third of its oxygen to 
the tissues but may, when the demand exists, give up much more. 
Studies on the volume flow of blood, which have been facilitated by the 
nitrous exid method of Krogh and Lindhard, indicate that the volume 
How of blood may be increased threefold or fourfold during the per- 
formance of work. These investigations of two entirely different 
methods of varying the rate of oxygen transportation by the blood 
suggest that there exists the mechanism which would provide consid- 
erable liability of adaptation. One or possibly both methods are 
employed whenever larger volumes of oxygen are required under either 
normal er pathologic conditions. Unfortunately the methods employed 
in demonstrating the existence of the functions described in the fore- 
going do not permit of easy clinical application. 

Utilizing the respiration calorimeter, it is now possible to measure 
the oxygen consumption with sufficient accuracy for clinical purposes. 
(Juantitative variations in the amount of work done by the circulatory 
system in performing its function of transporting oxygen are roughly 
represented by pulse rate and blood pressure changes, which presumably 
serve the purpose of altering the volume flow of blood. This report, 
based on 600 basal metabolic rate estimations, constitutes an endeavor to 
ascertain the relationship between oxygen consumption and circulatory 
system activities by the utilization of statistical methods. 

The procedure here employed consisted in ascertaining the basal 
pulse rate simultaneously with determination of the basal metabolic rate 
Frequent pulse readings were made throughout the two ten minute 
periods during which the patient was connected with the respiration 
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calorimeter. A reading of the blood pressure was made in the resting 
interval between the breathing tests. This “basal blood pressure,” as 
pointed out by Addis,‘ is lower than the “daytime pressures” and repre- 
sents more accurately the true status of the person’s pressure. The blood 
pressure readings were recorded, in order to ascertain whether or not 
the pressure showed any such relationship to metabolic rate as was 


known to exist between pulse rate and basal metabolic rate. 


PULSE RATE 

A rapid pulse in a thyrotoxic patient with a high basal metabolic rate 
is a frequent clinical finding. This association of increased heart rate 
with elevated metabolic rate has been the subject of repeated comment 
in the literature. Sturgis and Tompkins? reported a study of the cor- 
relation of basal metabolism and pulse rate in 154 patients with hyper- 
thyroidism. The opposite finding, a slow pulse rate and low metabolic 
rate obtaining in hypothyroid persons, is an association commonly 
observed by workers in clinical calorimetry. That a certain amount of 
parallelism exists between pulse rate and metabolic rate has been gen- 
erally recognized. Benedict and Cathcart * obtained a very close rela- 
tionship between the changes in metabolism and pulse rate of a bicycle 
rider. They report: “It soon became apparent that the pulse rate, 
even during severe muscular work, very closely followed the amount 
of energy output, an observation that is fully in accord with the values 
secured with normal resting subjects which show that the pulse rate 
and the total metabolism are intimately related.” That this association 
is purposeful, in that the increased number of heart beats serves to 
hasten the rate of blood flow when more oxygen is required by the 


tissues, has been demonstrated by many investigators. 


PULSE PRESSURE 

There are numerous studies reported of the blood pressure in thyro- 
toxic states since the observations of Gross,‘ in 1900, who found 
increased systolic pressure in all of his seven patients. The largest 


1. Addis, Thomas: Blood Pressure and Pulse Rate Levels, Arch. Int. Med. 
29:539 (April) 1922. 

2. Sturgis, C. C., and Tompkins, E. H.: A Study of the Correlation of the 
Basal Metabolism and Pulse Rate in Patients with Hyperthyroidism, Arch. Int. 
Med. 26:467 (Oct.) 1920. 

3. Benedict, G., and Cathcart, E. P.: Muscular Work, A Metabolic Study 
with Special Reference to the Efficiency of the Human Body as a Machine, No. 
187, Carnegie Inst., Washington, 1913. 

4. Gross, A.: Zur Kenntniss der pathologischen Blutdruckanderungen nach 
Beobachtungen von Weil, Deutsch. Arch. f. klin. Med. 74:297, 1902. 
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series is that of Plummer,*® who records increased systolic pressure with 
increased pulse pressure. Many conflicting statements are encountered 
in the literature on this subject and are due, probably, to two factors: 
first, the stage of the disease and state of cardiac compensation are not 
onsidered and, second, the pressures were taken under varying daytime 

mditions. One fact seems to be generally established, especially by 
he later writers, namely, that the pulse pressure is greater than normal, 
i. e., more than 50 per cent. of the diastolic pressure. This fact is 

pecially stressed by Taussig,® who compares the circulatory abnor- 
malities of exophthalmic goiter with those of aortic regurgitation. 
llarris ‘ has recently pointed out the unusual association of rapid pulse 
nd inereased pulse pressure and considers it quite characteristic of 
hyrotoxicosis, since “a frequent pulse in any other condition is usually 
.ccompanied by a small pulse pressure.” The characteristic sphyg- 
nomanometric finding in thyrotoxic states, then, is widened pulse pres- 
ire. Accepting this and recalling the normal or low systolic, relatively 
high diastolic and lessened pulse pressure in hypothyroidism, the idea 
presents itself that a relationship may exist between pulse pressure and 
netabolic rate. It was determined, therefore, to limit this study to 
those blood pressure changes represented by the difference between 
systolic and diastolic pressure, namely, pulse pressure. 


THE DATA 


The data constituting the basis of this study were compiled from 600 
determinations of the basal metabolic rate. These determinations were 
made in the departments of clinical calorimetry at St. Luke’s Hospital, 
Stanford University Hospital, the San Francisco Hospital and in 
private practice. All the work was done with the apparatus described 
by Benedict as the portable respiration calorimeter. Approximately 
half of the determinations were made by me, the others by physicians 
serving their first and second postgraduate years in the before mentioned 
hospitals 

The subjects furnishing these data were not selected in any way, and 
the only exclusions were patients who showed pathologic conditions in 
the cardiovascular-renal system affecting the pulse rate or blood pressure. 
Table 1 shows the age and sex distribution among the subjects. Ninety- 
five per cent. were between the age of 25 and 55 years. Exclusion of 
those above 55 seemed advisable because of the alterations in blood 


5. Plummer, H. S.: Blood Pressure and Thyrotoxicosis, Tr. A. Am. Phys. 


30:450, 1915. 
6. Taussig, A. E.: Some Blood Pressure Phenomena in Exophthalmic 


Goiter, Tr. A. Am. Phys. 31:121, 1916. 
7. Harris, I.: The Pulse Pressure in Exophthalmic Goiter, Brit. M. J. 1: 


630 (April 14) 1923. 
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Taste 1.—Age and Sex Distribution 
Basal Years 
Metabolie Rate, — —- *~ —— - -—-— 
per Cent. Female Male 15-19 2024 2520 3034 3539 W044 4549 1 059 GOH 
7.1 to 8 6 3 0 1 0 0 3 2 3 0 0 0 
M1 to 17 5 0 5 a 2 4 3 2 1 0 1 
1 to & 23 13 0 3 7 2 9 4 7 4 0 0 
“1 to w® 37 i5 0 7 11 7 6 3 1 2 1 3 
#1 to 4 53 20 0 12 15 12 15 2 12 5 0 0 
20.1 to oO 49 26 2 9 24 8 10 8 5 6 0 3 
10.1 to 2 47 28 4d 10 16 10 7 8 5 3 1 1 
ol to Ww 53 28 5 10 16 20 12 8 8 2 0 0 
— 99 to—o0 44 32 3 9 22 17 6 7 4 0 0 
—19.9 to—lw 46 25 3 7 16 19 10 5 5 5 0 1 
—29.9 to —20 11 15 2 6 5 2 2 0 2 1 0 
39.9 to —30 1 3 0 1 0 0 0 0 2 1 0 0 
Totals..... 387 213 19 80 136 99 100 52 67 35 3 9 


pressure so frequently encountered above this age, which are most often 
due to structural changes in the cardiovascular system. Observations 
on only three subjects above this age are included, one a hypothyroid 
man, and two women, both past 60, with typical exophthalmic goiter. 
A systolic pressure of 160 or over was arbitrarily set as the standard for 
exclusion from this series, except where a thyrotoxic patient with a 
high metabolic rate maintained such a pressure with no other evident 
cause. Electrocardiographic tracings were obtained in approximately 


two-thirds of the cases. 


TasLe 2.—Averages of Pulse Rate, Pulse Pressure and Their Product in 600 
Observations of the Basal Metabolic Rate 


Basal Metabolic Rate 
= A 





—39.9 —29.9 —19.9 —9.9 0.1 10.1 20.1 30.1 40.1 Ww. wl 70.1 

to to to to to to to to to to to to 
—W% —20% —10% 0.0% We Woe We Wo Wo WS TW OW 
No. of observations 4 26 71 75 7 73 52 36 22 9 
Mean pulse rate.. 59 61 64 TI 72 78 81 93 100 104 108 114 
Mean pulse pressure 28 32 35 41 43 45 49 51 58 59 69 81 
Mean pulse rate 

pulse pressure..... 1688 1987 2322 2867 3089 3482 4285 4892 5650 6521 7514 9171 


Table 2 shows the data arranged according to the basal metabolic 
rate into classes, the class interval being made at each 10 per cent. 
deviation from normal. It will be observed that the mean pulse rates 
increase as the metabolic rate increases. The same holds true for the 
pulse pressure. Chart 1 represents the facts recorded in this table. On 
this graph is also drawn the respective lines of regression for pulse rate 
and pulse pressure on basal metabolic rate. This line represents the ideal 
straight line which would be obtained from the averages of an enormous 
number of observations. In order to obtain this line it was necessary 
to calculate the coefficient of correlation between pulse rate and basal 
metabolic and between pulse pressure and metabolic rate. These figures 
were, respectively, 0.74 and 0.62. This coefficient is based on unity as 
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representing perfect correlation, and the figures obtained here would 
be interpreted as indicating that there is a marked correlation between 
both pulse rate and pulse pressure and metabolic rate, the relationship 
being somewhat closer for pulse rate than for pulse pressure. 

Table 2 gives only means for large groups and tells us nothing about 
individual cases, how closely the individual readings approximated the 
mean, or what the variation was within a group. An idea of this degree 
{ variation is obtained from Table 3, which records the coefficients of 
variation for pulse rate and pulse pressure. It will be observed that 
pulse pressure is slightly more variable than pulse rate, that with 
seventy or more observations these values tend to be rather constant 
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Chart 1—The dots, connected by the heavy line, represent the mean values 
for pulse pressure and pulse rate as they are affected by the basal metabolic 
rate. The data are in Table 2. The light, straight line is the line of regression 
for pulse pressure and pulse rate, respectively, on basal metabolic rate and is 
the best fitting straight line which can be drawn through the dots. It is the 
ideal “line of means.” 


and that with the higher metabolic rates the variability tends to increase. 

Fluctuation in pulse rate and pulse pressure under the conditions of 
these observations is a significant fact and suggests further study. Sev- 
Do all persons show a rise in both pulse 
Is the rise 


eral questions arise at once. 
rate and pulse pressure with elevated basal metabolic rate? 
in each proportionate to the other and to the increase in rate? The first 
question may be answered by saying that no person was observed who 
did not show an increase in either pulse rate or pulse pressure with 
increased oxygen consumption. The answer to the second question 
would read that most individuals responded to increased oxygen con- 
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sumption with proportionate rises in pulse rate and pulse pressure, but 
some showed disproportionate rises in one or the other. For example, 
of two patients with basal metabolic rates of plus 34.6 per cent. and 
35 per cent., the former had a pulse rate of 102 while the latter’s pulse 
rate was only 68, but their respective pulse pressures were 42 and 
70 mm. of mercury. Or again of two patients with metabolic rates of 
plus 67 per cent. and 69 per cent., one had a pulse rate of 112 and pulse 
pressure of 48, while the pulse rate of the other was 85 with a pulse 
pressure of 94. These are extreme cases selected to illustrate the point 
under discussion, but this same phenomenon has been observed and com- 
mented upon by others.*| There are many such cases in this series, in 
which the pulse rate was below its mean and the pulse pressure above its 
mean for that metabolic rate class, or vice versa. In other words, many 
individual cases were observed in which the deviations of pulse rate and 
pulse pressure from their respective means were in opposite directions. 


Taste 3.—Coeffictents of Variation for Pulse Rate, Pulse Pressure and 
Their Product 


Basal Metabolic Rate 





—39.9 —29.9 —19.9 —9.9 0.1 0.1 21 31 41 D1 @1 1 


to to to to to to to to to to to to 

—W% —20% —10% 0.0% 105% Wh We 0% We W% Wh Wh 

No. of observations 4 26 71 76 81 75 75 7 52 36 2 9 

Pulse rate........... — 1532 15.08 13.33 13.33 13.33 17.65 16.66 13.00 17.01 18.37 _— 

Pulse pressure....... — 31.25 21.85 20.73 17.74 20.88 24.08 29.21 22.88 30.67 22.53 _— 
Pulse rate x pulse 

pressure........... — 33.72 24.98 24.78 21.94 23.49 28.93 33.32 26.53 40.41 25.95 _ 





These pulse rates and pulse pressure deviations in opposite directions 
from their means were of all degrees, but in 3.5 per cent. of all observa- 
tions their magnitude was 20 per cent. or more from their respective 
means. This produced to a large extent the variability which is shown 
in Table 3. It is interesting to note that the coefficients here obtained 
correspond very closely with those obtained by Addis * in 300 normal 
persons. 

It is a matter of interest to obtain the measure of the relationship 
between pulse rate and pulse pressure in this series. This is given by the 
coefficient of correlation between these two variables. It is noted from 
Table 4 that this is 0.489 and is positive, indicating that as pulse rate 
increases there is a decided tendency toward an elevation also in pulse 
pressure. This is the relationship as it exists in this series in which the 
basal metabolic rate is not constant but increases by 10 per cent. at each 


8. Sturgis, C. C.: Observations on One Hundred and Ninety-Two Consecu- 
tive Days of the Basal Metabolism, Food Intake, Pulse Rate, and Body Weight 
in a Patient with Exophthalmic Goiter, Arch. Int. Med. 32:50 (July) 1923. 

9. Addis, Thomas: Blood Pressure and Pulse Rate Reactions, Arch. Int. 
Med. 30:240 (Aug.) 1922. 
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class interval. It is possible to obtain a partial coefficient of correlation 
in which the factor of basal metabolic rate is held constant and its influ- 
ence on pulse rate and pulse pressure eliminated. This was done and 
the very low partial coefficient of correlation of 0.045 obtained, which 
indicates that there is practically no correlation between pulse rate and 
pulse pressure or, in other words, where there is a tendency for them 
both to increase in the same direction, this effect is neutralized by those 
instances where they vary in opposite directions. If they all, or a 
majority, showed this tendency to vary in opposite directions, then the 
coefficient would be preceded by a negative sign, instead it has a positive 
sign but is almost zero. 
RECAPITULATION 


We may recapitulate at this point by stating that both pulse rate and 
pulse pressure vary directly with the oxygen consumption, but the 
amount of variation in each is not always proportional but nevertheless 
there seems to be a compensating mechanism at work; for example, a 
disproportionate increase in pulse rate is compensated for by a relative 
decrease in pulse pressure or vice versa. These observations suggest 
that a combination of pulse rate and pulse pressure would give a more 
correct estimate of the circulatory system’s response to varying volumes 
of oxygen consumed than is afforded by either one alone. An investiga- 
tion of this point was undertaken and a conclusion reached after study 
and trial of various methods. The two most feasible methods will be 
briefly discussed. 

PULSE RATE AND PULSE PRESSURE COMBINED 

The first method which suggests itself is to combine pulse rate and 
pulse pressure by multiplying them together. There is ample justifica- 
tion for this procedure, since the product of pulse rate by pulse pressure 
has been used by many investigators as a measure of the volume flow of 
blood and the study of this relationship has given rise to an extensive 
literature. 

Erlanger and Hooker *° assumed that the pulse pressure represented 
the systolic output of the heart and, in 1904, utilized “the product of 
the pulse pressure by the pulse rate as an index to the relative velocity 
of blood flow.” The “amplitude-frequency product” was also used by 
von Recklinghausen ** in 1906, though it was probably first suggested 
by Hiirthle in 1901. The pulse rate pulse pressure product has recently 


10. Erlanger, J., and Hooker, D. R.: An Experimental Study of Blood Pres- 
sure and of Pulse Pressure in Man, Johns Hopkins Hosp. Rep. 12:145, 1904. 

11. Von Recklinghausen, H.: Was vir durch die Pulsdruckkreis & durch 
die Pulsdruckamplitude uber den grossen Kreislauf erfahren, Arch. f. exper. 
Path. u. Pharmokol. 56:1, 1906-1907. 
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been used by Addis,’ who shows that in normal subjects the product 
increases under conditions, such as exercise, which call for increased 
volume flow of blood. 

More pertinent to the subject of this communication, however, are 
the observations of Murlin and Greer,’* who report their work on dogs 
as well as on several men. They conclude: “The results show a fairly 
close correlation in the same individual between the heart output 
expressed as the product of the pulse pressure and the heart rate on the 
one hand and the absorption of oxygen and the elinmination of carbon 
dioxid on the other.” 

In this study the product in each individual observation was obtained 
and the means for each group calculated. These are recorded in Table 
2. It was observed that the plotted line of these mean products was 
smoother than the mean lines for either pulse rate or pulse pressure. 
This was naturally to be expected since the small variations in either 
pulse pressure or pulse rate would tend to be equalized by variations in 
the opposite direction in the other factor. This was an advantage, and 
in individual instances accomplished the desired purpose of combining 
pulse rate and pulse pressure so as to get an expression which took 
cognizance of both, regardless of any variability in either. However, 
it also gave relative importance to each according to its numerical value, 
which was not desirable in all cases since we know that there is closer 
correlation between pulse rate and basal metabolic rate than there is 
between pulse pressure and metabolic rate. 

There are two fundamental objections to the use of the product of 
pulse rate by pulse pressure. One is that it is more variable than either 
one of its components, as is demonstrated by the coefficient of variation 
shown in Table 3. This naturally results from the multiplication of 
small differences, which might be due to error, by large figures, 100 
or more in some instances. Another objection to the. product is that 
its use converts a linear relationship into one which is definitely non- 
linear. The line plotted from the mean products in Table 2 is definitely 
a curved line, whereas the lines of means for pulse rate and pulse pres- 
sure are apparently straight lines. This fact is also demonstrable 
statistically by employment of methods advanced by Blakeman,** the 
data for calculating which may be obtained from the statistical values 
obtained in this study and recorded in Table 4. By this test pulse rate is 
perfectly linear while pulse pressure shows only a slight tendency to 


12. Murlin, J. R., and Greer, J. R.: The Heart Action in Relation to the 
Respiratory Metabolism, Proc. Am. Physiol. Soc., 18, 1910; Am. J. Physiol. 27: 
1910-1911. 

13. Blakeman, J.: On Tests for Linearity of Regression in Frequency Dis- 
tributions, Biometrika 4:332, 1905. 
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deviate from linearity. The nonlinearity of the product of pulse rate 
and pulse pressure is confirmed by this test. 

There is one further objection to the utilization of the product as a 
means of combining the two variables, pulse rate and pulse pressure. 
It has come to represent a rough measure of the volume flow of blood, 
the pulse rate indicating the rate of flow and the pulse pressure the 
systolic output of the heart. There is no objection to assuming that the 
rate of heart beat influences rate of blood flow, but many careful investi- 
gators claim that pulse pressure is not an indication of systolic cardiac 
output and Yandell Henderson, who is supported by Haldane, maintains 
that the systolic cardiac output is a constant and is so maintained under 
a variety of conditions. On the other hand, Means and Newburgh *™* 
have shown that an increase in the systolic output may be a factor in 
increasing the volume flow of blood. These investigators remark in 


Tapie 4.—Statistical Values and Relationships 








Symbol.. nddhinbete M o (sigma) p (rho) 7 (eta) ¢ (zeta) 
Designation 
Coefficient of Correla- 

Stan- Correlation tion Ratio 

dard -—————_*»—__-——>. With Basal 

Devia- With Basal With Pulse Metabolic 

Mean tion Metabolic Rate Pressure Rate 7° -p* 
Basal metabolie rate (0) 16.9 25.2 ijouuteienh’  ;heneweNiebeke ‘ims  ‘thkishbeneenent 
Pulse rate (1)............ 2.4 19.3 0.745 + 0.013 0.489 0.021 0.745 0 
Pulse pressure (2)....... 47.9 15.5 0.625 + 0.015 oceccccscecee 0.633 0.01006 + 0.0055 
Pulse rate x pulse pres- 
TB ccsccssesssceseses GD 2060 OTP PORTE cecdcccoscnss 0.804 0.07083 + 0.0145 


discussing one of their subjects: “Up to 700 kilogram-meters of work 
per minute the increase in blood flow was met chiefly by an increase in 
the volume per beat ; beyond that point by an increase in the pulse rate.” 
It must be remembered that they were measuring the systolic output of 
the heart by an objective method, which lends support to the assumption 
that changes in pulse pressure indicate variations in the systolic output 
of the heart. 

That variations in pulse pressure as well as pulse rate occur, and 
that there seems to be some regularity in their occurrence is quite appar- 
ent from this and other studies. But, since these variations, though they 
appear to be purposeful, are not thoroughly understood, it was consi- 
dered advisable to treat them in an abstract manner simply as variables 
and combine them in the manner that seemed most expedient irrespective 
of any theory or interpretation as to their significance. 

It has been mentioned that the coefficient of correlation between pulse 
rate and basal metabolic rate was 0.74, and the coefficient for pulse pres- 





14. Means, J. H.. and Newburgh, L. H.: Studies of the Blood Flow by the 
Method of Krogh and Lindhard, Tr. A. Am. Phys. 30:51, 1915. 
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sure and metabolic rate was 0.62. It is possible to calculate a multiple 
coefficient of correlation which utilizes the relationships existing between 
pulse rate, pulse pressure and basal metabolic rate and also between pulse 
rate and pulse pressure themselves. This was done and a multiple coeffi- 
cient of correlation of 0.80 was obtained. This is appreciably higher 
than the coefficient of correlation for pulse rate or pulse pressure alone, 
and may be taken as an indication of the advantage to be gained by 
combining the values for these two functions. 

In a previous communication *° on this subject, a doubt was expressed 
as to whether the relationship existing between basal metabolic rate and 
pulse rate combined with pulse pressure was truly linear or curvilinear. 
From further study with twice the number of observations it now 
becomes apparent that a straight line most nearly represents the facts. 
Such a straight line may be obtained by utilization of the relationships 
which are revealed by a statistical analysis of these data. The values 
are all contained in Table 4 and may be substituted in the following 


equation : 
l. aie [ Bor-s = | xT [Boos ‘ | X2 T [ Mo — Bors < M,—Boo-1 — M, | 
In which Boe = ae and Boon wrt. Be 
+5 1— ry - 1— ry 


Substituting the values and reducing to its simplest form this equation 
becomes : 


2. B.M.R. = 0.75 (P.R. + 0.74 P.P.)—72. 


From such an equation a straight line may be plotted which repre- 
sents the relationship between basal metabolic rate on the one hand and 
pulse rate and pulse pressure on the other. This line has been drawn in 
Chart 2 and on it have been placed the 600 observations of pulse rate 
and pulse, pressure from whose values and relationships the line is 
derived. 

Careful inspection of Chart 2 suggests the possibility that a curved 
line could be drawn through the dots which would more nearly pass 
through the areas of their greatest concentration. In order to ascertain 
this point with certainty the means of the columns 70-80, 80-90, etc., 
in Chart 2 were obtained and are placed as crosses on this graph with 
the best fitting curve drawn through them. It becomes evident from 
inspection of these lines that in the metabolic rate classes above plus 
20 per cent. there is a tendency for the means to deviate from the straight 
line. This same tendency toward a wider divergence in the readings 


15. Read, J. M.: Correlation of Basal Metabolic Rate with Pulse Rate and 
Pulse Pressure, J. A. M. A. 78:1887 (June 17) 1922. 
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obtained from patients with the higher basal metabolic rates is noted 
in the coefficients of variation (Table 3), which increase in magnitude 
with the higher metabolic rates. This point is shown graphically by 
the increased scatter of the dots in the upper part of Chart 2. 

In view of the marked linearity in the relationship between pulse 
rate and pressure and basal metabolic rate, with rates up to plus 20 
per cent., it would seem pertinent to inquire for a cause of the deviation 
from linearity noted with the higher metabolic rates. There is especially 
noted a tendency, beginning at about plus 55 per cent., for the combined 








-20b- et eta BMR=75(PR+74PP)-72 


a a ee ee ee Le a al oe 
40 60 80 100 120 140 160 180 200 220 
(PR+.74PP) 


Chart 2.—The heavy straight line is the line of regression for combined pulse 
rate and pulse pressure on basal metabolic rate and is represented by the equa- 
tion: B.M.R. = 0.75 (P.R. + 0.74 P.P.) — 72. The 600 dots represent the 
individual observations from whose values and relationships the line was derived. 
The crosses are the means of the columns, and the curved line passing through 
them in the upper portion illustrates the extent of the tendency for pulse rate 
and pulse pressure to deviate from linearity when the metabolic rate is above 
plus 20 per cent. It is also to be observed that above this point there is greater 
variability, as evidenced by the increased scatter of the dots. 

















pulse rate and pulse pressure figures to increase out of all proportion to 
increase in the basal metabolic rate. The patients with these higher 
metabolic rates were all suffering from so-called hyperthyroidism and in 
this fact probably lies the cause of the observed phenomenon. Cardiac 
decompensation, however, is not a factor, as no thyrotoxic patients with 
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myocardial failure or auricular fibrillation are included in this series. 
It seems more probable that factors inherent to the disease itself are 
operating to cause the changes noted. 

The apparently ineffectual increase of the work of the circulatory 
system when the metabolic rate becomes high brings to mind a recent 
report by Plummer and Boothby,"® in which they showed that patients 
with exophthalmic goiter were very inefficient as machines ; such patients 
expending about twice as much energy as normal persons doing the 
same work. All these facts taken together would seem to indicate that 
exophthalmic goiter is not simply hyperthyroidism. If it were, the 
same linear relationship should hold for the higher metabolic rates 
as holds for rates obtained from normal and hypothyroid subjects. 
When thyrotoxic patients are the subjects there may be, and probably 
are, other factors which are operating to increase the pulse rate, namely, 
toxemia and, perhaps, increased sympathetic instability. These factors 
also affect blood pressure but in a manner more difficult to appraise. 
Inspection of Table 3 and Chart 2 certainly reveals wider variability in 
pulse rate and pulse pressure with increasing metabolic rate. 


PRACTICAL APPLICATIONS 


It has been suggested ‘* that the resting pulse rate be utilized as an 
index of the basal metabolic rate. Means and Aub ** found that in about 
60 per cent. of cases studied by them “there is a close parallelism 
between pulse and metabolism, and in the remainder a certain amount 
of parallelism.” They further state: “The pulse rate, however, gives 
comparative results only, for between metabolism elevation of different 
persons there seems to be but little relationship. The pulse rate, there- 
fore, is not an index of the absolute degree of intoxication in the patient 
seen at different times.” These statements concerning pulse rate are 
equally true of pulse pressure. Hence it follows that if an index of basal 
metabolic rate is sought, the value of such index is enhanced by ultiliza- 
tion of pulse pressure as well as pulse rate. First the best means of 
combining these values must be decided. Although a curved line seems 
to fit best the data here reported, still there is the difficulty that a formula 
representing such a line becomes too complicated for practical use. This 
same result could be obtained by utilizing Chart 2 directly, and noting the 
relation of the dot obtained to the curved line of the means. Because 
of its simpler application, however, the linear formula is suggested as 


16. Plummer, H. S., and Boothby, W. M.: The Cost of Work in Exophthal- 
mic Goiter, Am. J. Physiol. 63:406-407 (Feb.) 1923. 

17. The Pulse Rate in Relation to Metabolism and Diagnosis, Editorial, J. A. 
M. A. 76:181 (Jan. 15) 1921. 

18. Means, J. H., and Aub, J. C.: The Basal Metabolism in Exophthalmic 
Goiter, Arch. Int. Med. 24:645 (Dec.) 1919. 
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the most useful for clinical work if a prediction formula is desired. So 
by substituting pulse rate and pulse pressure readings in the foregoing 
equation (2) an estimation of the basal metabolic rate may thereby be 
obtained. Inspection of Chart 2 shows that only a little over half of 
the observations would fall within 10 per cent. above or below the cor- 
rect value. This is no objection, however, to utilization of pulse rate 
and pulse pressure as a rough guide in following the course of a hypo- 
thyroid or thyrotoxic patient who is under treatment. The reliability 
of the figures becomes greatly enhanced by obtaining them at an exami- 
nation, simultaneously with an estimation of the basal metabolic rate, 
and thus establishing the relationship which exists in that person 
between pulse rate, pulse pressure and basal metabolic rate. When 
the pulse rate and blood pressure are obtained under the same basal 
conditions necessary for satisfactorily determining a basal metabolic 
rate these values would seem to be sufficiently reliable to warrant their 
use where it is not practical to obtain frequent determinations of the 
basal metabolic rate. 
CONCLUSIONS 

1. Pulse rate varies directly with the basal metabolic rate, the coeffi- 
cient of correlation between pulse rate and basal metabolic rate 
being 0.74. 

2. Pulse pressure also varies directly with the basal metabolic rate, 
the coefficient of correlation in this case being 0.62. 

3. Since different persons vary in the amount of change in either 
pulse rate or pulse pressure, a more reliable measure of the circulatory 
system’s response to variations in oxygen consumption is a combination 
of pulse rate and pulse pressure in the manner suggested below. 

4. Pulse rate and pulse pressure changes may be utilized as a rough 
guide to changes in a patient’s basal metabolic rate, particularly becom- 
ing more reliable if the relationship to metabolic rate is once established 
by obtaining all the basal figures simultaneously. By substituting the 
basal pulse rate and pulse pressure readings obtained in any given case 
in the following formula, an estimate of the basal metabolic rate may 
be obtained : 


B. M .R.=0.75 (P. R. + 0.74 P. P.)—72. 


This will give the basal metabolic rate withing 10 per cent. of its 
correct value in slightly over half of the cases. 








THE ALLEGED ROLE OF LACTIC ACID IN 
ARTHRITIS AND RHEUMATOID 
CONDITIONS * 


F. A. CAJORI, Px.D., 
C. Y. CROUTER, M.S. 
AND 
RALPH PEMBERTON, M.D. 


PHILADELPHIA 


In 1858 Richardson? published the results of extensive experi- 
ments on dogs in which the injection of large quantities of lactic acid, 
intraperitoneally, was followed by severe joint involvement. The 
condition of the joints was similar to that seen in acute arthritis, and 
Richardson suggested that the arthritic syndrome was due to an 
accumulation of lactic acid in the body. This theory found further 
support in 1877, when Foster ? reported that the administration of lactic 
acid by mouth to two diabetic patients resulted in painful and swollen 
joints. The pain and swelling persisted as long as the lactic acid admin- 
istration was continued and disappeared promptly after the acid was 
discontinued. These early experiments were apparently never repeated 
or extended but they have exerted some influence in the formation of 
hypotheses regarding the disease. Within very recent years, for 
example, the theory that arthritis and muscular rheumatism are char- 
acterized by an excessive accumulation of lactic acid in the body has 
been revived, chiefly on clinical grounds, by Wilde, and has found 
expression in his book on arthritis.* 

Moreover, in view of the known relation of lactic acid to muscular 
contraction and rigor mortis; and in view of the peculiar dysfunction 
characteristic of rheumatic myositis and the beneficial influence on it 
of passive motion, massage and active motion, there has been ample 
basis on which to erect an hypothesis correlating the disease process 
with a disturbed production or removal of lactic acid. It is conceivable 
that if such a disturbance exists there would be a reasonable probability 
of detecting it by a determination of the lactic acid in the blood and 


other body fluids. 


*From the Laboratory of Clinical Chemistry, Presbyterian Hospital. The 
work here reported is part of a study on chronic arthritis in collaboration with 
Robert B. Osgood, M.D., of Boston. The expenses of the investigation were 
defrayed by contributions from several sources, including a number of patients. 

1. Richardson, B. W.: The Cause of the Coagulation of the Blood, The 
Astley Cooper Prize Essay for 1856, London, John Churchill, 1858, Appendix 
III, p. 371. 

2. Foster, B.: Clinical Medicine, London, J. and A. Churchill, 1874, p. 143. 

3. Wilde, P.: Physiology of Gout, Rheumatism and Arthritis, New York, 


William Wood & Co., 1922. 
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According to the present conception of the physiologic significance 
of lactic acid, excessive production of this acid or faulty removal of it 
from the body would indicate marked abnormal oxidative function, 
either in respect to intermediary glucose metabolism or to products of 
the energy transformation in muscular and perhaps glandular activity. 
In order to ascertain whether there occurs in arthritis such deviation 
from normal physiology as is implied by the lactic acid theory, it has 
seemed desirable to test this theory by chemical determination of the 
quantities of lactic acid present in the body fluids of arthritic patients 
and normal persons. Methods for the determination of lactic acid are 
at present available whereby the lactic acid present in small amounts 
of biologic material can be quantitatively evaluated with a fair degree 
of accuracy. 

EXPERIMENTAL 

Persons suffering from acute or chronic arthritis were used as sub- 
jects in this investigation. Both proliferative and degenerative types 
with widely varying degrees of involvement and disability were repre- 
sented in this group. The normal subjects were drawn from con- 
valescent surgical cases and various hospital workers who apparently 
were in good health. Venous blood samples were drawn from the 
cubital vein usually in the post-absorptive period and always after a 
period when excessive muscular activity had been avoided. The urine 
analyses were made on twenty-four hour samples, and on samples voided 
hefore and after exposure to external heat. Sweat samples were 
collected in a rubber bag surrounding the forearm during a general 
sweat induced by an electric “baker.” The skin of the arm and hand 
was cleaned with water, alcohol and ether before inserting the limb into 
the bag. One sample of nonseptic joint fluid was obtained by aspiration 
from an arthritic knee joint. 

For the determination of lactic acid Ciausen’s method has been used.* 
This method has proved fairly satisfactory in our hands. Using a metal 
alloy bath and sulphuric acid to decompose the lactic acid to acetal- 
dehyd it was possible to recover an average of 94 per cent. of the lactic 
acid contained in lithium lactate solutions and about the same proportion 
of lactic acid added to blood. The use of traps to avoid mechanical 
passage of droplets from the reaction tube to the bisulphite solution and 
the maintenance of the latter at a py of 3.0 to 5.5 are details that Clausen 
has suggested as contributory towards uniform results.® 

Clausen’s directions have been followed in the treatment and 
analysis of blood and urine. Sweat samples have been prepared for 
analysis by precipitating the small amount of protein present with 


4. Clausen, S.W.: J. Biol. Chem. 52:263 (May) 1922. 
5. Personal Communication. 
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tungstic acid in the manner customary for blood proteins. In none of 
the sweat samples that we tested have reducing sugars been found and, 
consequently, the preliminary removal of glucose, necessary with blood 
filtrates, was dispensed with. Nearly identical results for lactic acid 
were obtained from tungstic acid filtrates prepared in this way and 
from ether extracts of sweat. 


RESULTS AND DISCUSSION 

As will be seen from Table 1, the content of lactic acid in the venous 
blood of arthritic patients is quantitatively similar to the blood content 
of lactic acid of normal persons. These figures are of the same magni- 


Tasie 1.—Lactic Acid Content of Whole Blood 


Lactie Acid, 





Name Diagnosis + Mg. per 100 C.c. Remarks 

*Sh-e. Proliferative arthritis. ; 23 
*L-s.. Din 6d inks caKdeees 21 After 10 gr. acetylsalicylic acid 
*F-ll.. Proliferative arthritis.. 20 After 10 units insulin 
*F-ll.. Proliferative arthritis 16 After 10 units insulin 
*A-X-F.. Proliferative arthritis.. 26 

S-t-n.. Proliferative arthritis.. 26 
*Sch-d.. Degenerative arthritis.... 19 
*D-n-d.. Degenerative arthritis 17 
*D-n-<d.. Degenerative arthritis be 18 After “bake” 

P-t-r Subacute rheumatie fever... 11 

V-s.. , Proliferative arthritis. 23 

C= Proliferative arthritls. 22 

*C-y-e... Proliferative arthritis ‘ 25 

er Psoriasis and diabetes... 30 

K-g-e.... [RE ae ‘ 19 

c-i BNI 6b0s00kdccenenseess 2» 

C-ll.. Proliferative arthritis....... 21 

C-l. Proliferative arthritis....... 19 

Cr-t-r. Seer 16 

C-r-ll.. Malignant tumor of liver.... 16 

oS ‘ Normal........ cedubweadaben 20 


+ An attempt was made to classify the arthritic paticnts studied, according to the class! 
fication of Nichols and Richardson, into the proliferative and degenerative types, but this 
Was not always clinically possible. Practically all subjects presented some symptoms of 
rheumatic myositis. This was conspicuous in the cases starred. 


tude as reported by other investigators. Clausen finds a lactic acid range 
of from 15 to 32 mg. per hundred cubic centimeters in convalescent 
children at rest in bed. Barr, Himwich and Green," using Clausen’s 
method, found from 14 to 25 mg. lactic acid in arterial blood of resting 
persons. After three minutes exercise the lactic acid in the blood of 
these same persons rose to levels from three to five times higher than 
the resting level. These experiments, just cited, demonstrate clearly 
that excessive production of lactic acid, in muscle tissue at least, is 
promptly reflected in the blood, and it is difficult to escape the conclusion 
that if there is excessive production of lactic acid in the course of the 
arthritic or rheumatic process it would be revealed in abnormally high 


6. Barr, D. P.; Himwich, H. E., and Green, R. P.: J. Biol. Chem. 55:495, 
1923. 
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values in the circulating blood. It is of interest, perhaps, to note that 
the lowest blood lactic acid recorded in Table 1, was from a case of non- 
febrile acute rheumatism where muscular movement probably was at a 
minimum because of the extreme pain involved. A value of 28 mg. of 
lactic acid per hundred cubic centimeters of fluid was obtained in the 
one sample of nonseptic joint fluid studied. 

In Table 2 are given a few determinations of lactic acid in urine. We 
have been unable to obtain residues from ether extracts of urine that 
did not char considerably in the reaction tube with sulphuric acid, and 
we are unwilling to place much reliance on the figures as representing 


Tasie 2—Urinary Excretions of Lactic Acid and Organic Acids in Arthritis 





Lactie Lactic Organic 


Total Hourly Acid Acid Acids 
Volumes, Volume, Mg. per Mg. per C.c.o0f0.1N 
Name C.c. pu 100 C.e. Hour per Hour Remarks 

Sh-e.. «2 68 18 9 64 Before “bake” 
Sh-e. ; 5 68 2 14 7.7 After “bake” 
Sh-e. - 1,250 6.4 15 8 18.0 24 hour sample 
Sh-e. 1,180 6.2 26 13 15.3 24 hour sample day of “bake” 
Sh-e.. 1,290 6.2 11 6 19.3 24 hour sample 
L-s 1,805 68 8 6 21.8 24 hour sample 
L-8.. 1,058 6.0 13 6 17.9 24 hour sample day of “bake” 
L-S... 765 5.8 18 6 21.0 24 hour sample 
S-ck 35 5.6 14 4 13.5 Before “bake” 
S-ck.. 24 5.6 15 3 10.9 After “bake” 
eee 134 5.6 23 21 25.5 Before “bake” 
H-y.. 12 7.2 21 15 2 After “bake” 
H-y... 61 5.8 31 16 31.8 Before “bake” 
H-y.. 110 6.6 22 4 35.8 After “bake” 
Oe 1,873 a 12.6 24 hour sample 
a 1,340 14.4 24 hour sample 
B-s... 2,305 18.3 24 hour sample 
C-t-n.. 1,220 11.8 24 hour sample 
C©-t-n. 1,625 14.2 24 hour sample 
A-r-n.. 1,210 11.5 24 hour sample 
A-r-n. 1.565 pais 11.9 24 hour sample 
S-p-d.. 1.1%) 5.4 e 15.1 24 hour sample 
S-p-d. 1,410 6.2 17.1 24 hour sample 
S-p-d. 1,270 6.0 14.0 24 hour sample 
S-p-d.. 95 6.4 os 16.4 24 hour sample 





lactic acid alone. However, there is no indication of excessive amounts 
of bisulphite binding compounds in these ether extracts. The excretion 
of large amounts of lactic acid in urine would be revealed in the titration 
for organic acids as carried out by the procedure of Van Slyke and 
Palmer.*. These authors have shown that lactic acid is titrated to an 
extent of 93 per cent. in their method. Many titrations for organic 
acids have been made in arthritic urines without finding abnormally high 
values. Some of these results are included in Table 2. 

Particular attention has been paid to the sweat since Wilde ascribes 
the value of sweating measures in arthritis largely to the elimination of 
lactic acid in the sweat. As will be seen from Tables 3 and 4 consider- 
able quantities of lactic acid were found in sweat, but the sweat of 
arthritic patients contained no more than the sweat of normal persons. 





7. Van Slyke, D. D., and Palmer, W. W.: J. Biol. Chem, 41:567 (April) 1920. 
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un 


The quantity of lactic acid present in the sweat of both groups varies 
over a wide range and the concentration in any sample seems dependent 
on the dilution of the sweat. The water content of sweat increased 


Taste 3.—Lactic Acid Content of Arthritic and Normal Sweat 


Lactic Acid Total 





Me. per Solids, Ash, 

Name Diagnosis pu 100 C.c. per Cent. per Cent. 

M-n (a)* Normal 66 1.32 0.88 
(b 4 Ts 0.85 0.79 

Cc. (a). Normal . 7.4 1.13 0.81 
(b Sates at ‘ . 7.6 1.01 O83 

P-t-n (a) Normal 48 1.19 0.39 
(b , 6.4 0.73 0.61 

P-e (a) Arthritis : 6.2 1.17 0.62 
(b aa 6.5 0.90 066 

M-l-n (a Arthritis 6.0 1.49 0.61 
(b ca —_— 6.0 1.07 . 

Seh-d (a) Arthritis 7.2 0.98 0.71 
(b esseces 7.4 0.74 0.64 

Ar-t.. Normal.. ‘ 6.6 weeus wei 

A-n Normal.. eee 

M-1! Normal.. : eae 

H-n-n Arthritis...... , 64 

Ges Arthritis. 68 

M-t-f Arthritis 6.8 

W-e Nephritis. as jesse 5.8 213 

R ph. Psoriasis... .. dines 5.4 130 

F-s.. Arthritis. - . 58 200 

S-ck.. Arthritis. sone 6.0 184 

Sh-e Arthritis.. ; 6.9 164 

L-s Arthritis... , ‘ 64 326 

K-I-r Arthritis. bead 5.2 229 

D-n-d Arthritis... .. 68 07 

F-ty. Arthritis ’ ee ‘ 6.1 208 





* (a) and (b) refer respectively to sweat samples taken early ond late in the course of 
the electric “bake.” 


Taste 4.—Lactic Acid and Total Organic Acid Content of Arthritic Sweat 


Lactie Organie 


Lactie Acid Acids Per Cent. 
Acid C.c. of C.c. of Organie 
Mg. per O1Nper O11. Nper Acids as 
Name Diagnosis pu 100 C.c. 100 C.c. 100 C.c. Lactie Acid 
S-ck.. isc 8 5nnsincaniare 6.0 184 20 35 Hyd 
a Bs ccesinssace ae 6.8 207 23 34 78 
D-n-d.. CO Sa 6.5 230 26 40 65 
R-t-r. a Arthritis and psoriasis... 68 149 17 27 63 
R-t-r Arthritis and psoriasis... 5.6 bt] 11 23 48 
R-t-r..... Arthritis and psoriasis... 68 186 21 31 68 
ee Arthritis and psoriasis. 7.0 159 18 31 58 
R-t-r Arthritis and psoriasis.. 6.6 25) 28 a) 56 
R-t-r Arthritis and psoriasis... 7.0 151 17 52 33 
R-t-r é Arthritis and psoriasis. 7.0 146 16 34 47 
Sch-d... . ee 70 126 14 2 52 
Sch-d ‘ 0 re . 6.8 136 15 21 71 
Seh-d.. Arthritis.. Rehemptietewe ove 113 13 2 25 
Seh-d.... Arthritis. Gasnlidinatudel aie 99 10 39 24 
M-t-f....... Gia Kado nhacieseds 6.6 131 15 25 60 





appreciably as the individual continued to sweat. The diminution of 
solids seems to be largely a loss of the organic solids. Little change 
in the ash concentration was found, though occasionally an increase in 
late samples. This is in keeping with the observation of Adolph * that 


8. Adolph, E. F.: Am. J. Physiol. 66:445 (Nov.) 1923. 
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the chlorid content of sweat increases during sweating, reaching a 
plateau after from twenty to thirty minutes of sweating. The figures 
for the ash content of sweat are considerably higher than the recently 
published results of Talbert. The range of lactic acid figures found 
‘or arthritic patients and normal persons, and given in the various tables, 
are summarized as follows: 


Arthritis patients: Blood; from 11 to 30 mg. per hundred cubic centimeters. 
‘rine; from 3 to 21 mg. per hour; from 8 to 31 mg. per hundred cubic centi- 
meters. Sweat; from 90 to 458 mg. per hundred cubic centimeters. 

Normal persons: Blood; from 14 to 25 mg. per hundred cubic centimeters, 
from 15 to 32 mg. per hundred cubic centimeters. Barr, Himwich and Green ;° 
Clausen.* Urine; from 5 to 13 mg. per hundred cubic centimeters. Sweat; 
irom 120 to 424 mg. per hundred cubic centimeters. 


In a number of cases when large quantities of sweat were available, 
in approximation of the total organic acid content was obtained by 
titration. Van Slyke and Palmer’s procedure for organic acids in urine 
was used,’ and the titration carried out on 10 c.c. samples of sweat. The 
results, given in Table 4, indicate that lactic acid makes up about one 
half of the total organic acids contained in sweat. 

As early as 1852, Favre *® isolated the zine salt of lactic acid and 
identified lactic acid as a sweat constituent. Ryffel,’! as a result of one 
analysis by his own method, also reported its presence in sweat collected 
during a Turkish bath. Clausen has emphasized the fact that his method 
is not specific for lactic acid and in order to satisfy ourselves that we 
were actually dealing with lactic acid in appreciable amounts, large 
quantities of acidified sweat were extracted with ether and lactic acid 
was isolated from it as zinc lactate. By analysis of this zinc salt, the 
lactic acid in sweat was identified as d-lactic acid. The yield was about 
50 per cent. of the amount indicated by Clausen’s method as being 


present. 


0.1062 gm. substance after drying to constant weight at 105 C. weighed 
0.0925 gm. 

0.0402 gm. anhydrous substance gave 0.0137 gm. zinc oxid (ZnQ). 

0.0244 gm. anhydrous substance gave 0.0083 gm. zinc oxid (ZnO). 

0.1936 gm. in 14.23 gm. water in 20 cm. tube: a—=——Q0.3 degrees. 

Cale. for Zn (C:H;Os;)2 2H.O, water = 12.88 per cent. 

Found water=12.90 per cent. 

Cale. for Zn (CsH;Os)2 zinc oxid = 33.43 per cent. 

Found zinc oxid=—34.08, 34.02 per cent. 

(a) D*e =—11.1 (c=1.25 per cent.) (Beilstein, 3:263, 1921). 

Found (a) D”° =—11.0 (c = 1.36 per cent.). 


9. Talbert, G. A.: Am. J. Physiol. 63:350 (Jan.) 1923. 
10. Favre, M. P. A.: Compt. rend. Acad. d. sc. 35:721, 1852. 
11. Ryffel, J. H.: J. Physiol. 39:29, 1910. 
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The presence of lactic acid as a sweat constituent and its occurrence 
there in concentrations much greater than are ordinarily found in blood, 
suggests that it is a product of chemical changes occurring in the 
sweat glands during secretion. Presumably it is an expression of the 
energy changes performed by the sweat glands in elaborating the typical 
secretion in a manner analogous to lactic acid formation during muscular 
work. 

SUMMARY 


1. The lactic acid contents of the blood, urine and sweat of patients 
suffering from arthritis and rheumatic disabilities has been determined 
and the results have been compared with the respective lactic acid con- 
tents from nonarthritic persons. The lactic acid was determined also in 
the synovial fluid from a case of joint effusion. In no case have we 
observed abnormal quantities of lactic acid in the arthritic patients. 
These findings therefore lend no support to the idea that arthritis, at 
least of the types studied, is caused or characterized by abnormal pro- 
duction or disposal of lactic acid. 

2. Lactic acid has been found to be present in sweat in considerable 
quantities, making up about 50 per cent. of the organic acids of sweat 
Its presence in this secretion may be referable to the chemical changes 
occurring in the sweat glands during their activity. 

3. The benefit accruing to arthritic patients from sweating measures 
cannot, in the light of these results, be ascribed to the elimination of 
lactic acid in the sweat. 






































STUDIES ON THE METABOLISM OF OBESITY 
Ill. THE SPECIFIC DYNAMIC ACTION OF FOOD * 


CHI CHE WANG, Px.D., 
AND 
SOLOMON STROUSE, M.D. 
WITH THE TECHNICAL ASSISTANCE OF 
ALICE D. SAUNDERS, B.A. 


CHICAGO 


The first line of experimentation followed by us in our studies on 
the metabolism of obesity was directed toward the possible discovery of 
variations in the specific dynamic action of foods in persons of widely 
different body build. In 1921 one of us? reported our first experiments 
on the specific dynamic action of carbohydrate. No definite conclusions 
were drawn from this study. The work has subsequently been extended, 
until at the present time we are able to report the original series of 
experiments on carbohydrate utilization performed with the Benedict 
portable respiration apparatus, and a larger series done with the Tissot 
gasometer in which carbohydrate, protein and fat meals were studied. 

When our work was first started, no very definite experimental data 
were available on variations in the specific dynamic action of foods. 
In the large series of cases studied by Benedict and Carpenter? no 
attention was paid in the protocols to the question of body weight. We 
attempted to correlate changes in the metabolism following food inges- 
tion with original differences in the height-weight proportions of their 
subjects, but our analysis yielded nothing definite. In our first com- 
munication we, however, had expressed the opinion that, since up to 
that time no one had been able to explain obesity on the basis of varia- 
tions in basal metabolism, a theoretical explanation might be found in 
one of two ways: (a) an unusual use of food stuffs, (>) variation in 
energy expense by different persons performing the same task. The 
conception that foodstuffs are not necessarily metabolized in the same 
way by all persons implied individual variations in the so-called specific 


* From the Medical Clinic, the Gusta Morris Rothschild Fund and the Otto 
Baer Fund for Clinical Research of the Michael Reese Hospital and the Nelson 
Morris Memorial Institute for Medical Research. 

1. Strouse, Solomon: Carbohydrate Oxidation in Relation to Body Weight, 
American Soc. for Clinical Investigation, May 5, 1921, Chicago, American 
Medical Association, 1921. 

2. Benedict, F. G., and Carpenter, T. M.: Food Ingestion and Energy 
Transformations, Publication No. 261, Carnegie Institution of Washington, 


1918. 
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dynamic action of food. Other phases of the problem have been dis- 
cussed in previous papers of this series." 

Although in the earlier literature numerous opinions are found con- 
cerning “slowing of metabolism” in obesity, incontrovertible experi- 
mental evidence is scant. The original report of Jaquet and Svenson,* 
of which we were not aware at the beginning of our research, contains 
a study of three cases of obesity, all of which showed normal basal 
metabolism. ‘These three persons were given meat and mixed food, and 
the effect on the metabolism measured. The increases were compared 
with those found by Magnus-Levy ° in 1893, and the authors state that 
“the increase in oxidation after food was significantly less and of shorter 
duration than with normals.” In a matter so important for the under- 
standing of a fundamental problem in metabolism, it seems fair to 
suggest in criticism of this work that the absence of normal standards 
of their own lessens the value of their conclusions. 

No further experiments are available until 1915, when Means °® 
studied the effect of glucose and of meat on the metabolism of one case 
of obesity. He concluded that “the specific dynamic action of protein 
is as great in this case of obesity as in normal individuals.” Means 
used no normal controls and compared his results with the normal 
figures obtained by Gigon.’ Of comparative interest perhaps is the 
contribution of Rabe and Plaut,* who found a diminished specific 
dynamic action of protein in a person accustomed to low nitrogen diet. 
Rolly * had a rare opportunity of studying specific dynamic action in 
obesity. One patient with tuberculosis of the testicle was studied 
before and after castration. His weight before castration was 56.7 kg. 
and some time after the operation was 86.1 kg. The specific dynamic 
action of protein was very high during the first period, and much lower 
when the patient became obese. This author also studied a woman 
with exophthalmic goiter who, after thyroidectomy and pregnancy, 
increased in weight from 57 kg. to 89.5 kg. The results were the same 
as in his first case. When, however, this woman was given thyroid 

3. Strouse, Solomon; Wang, C. C., and Dye, Marie: Studies on the Metab- 
olism of Obesity, Arch. Int. Med. 34:275 (Sept.) 1924. 

4. Jaquet, A., and Svenson, N.: Zur Kenntnis des Stoffwechsels fettsuch- 
tiger Individuen, Ztschr. f. klin. Med. 41:375, 1900. 

5. Magnus-Levy, A.: Ueber die Grésse des respiratorischen Gaswechels 


unter dem einfluss der Nahrungsaufnahme, Arch. f. d. ges. Physiol. 55:1, 1893. 

6. Means, James H.: Studies of the Basal Metabolism in Obesity and 
Pituitary Disease, J. M. Res. 32:121, 1915. 

7. Gigon, A.: Ueber den Einfluss der Nahrungsaufnahme auf den Gas- 
wechsel und Energieumsatz, Arch. f. d. ges. Physiol. 140:509, 1911. 

8. Rabe, F., and Plaut, R.: Zur Frage eiweissarmer Ernahrung, Deutsch. 
Arch, f. klin. Med. 137:187 (Aug.) 1921. 

9. Rolly, F.: Zum Stoffwechsel bei der Fettsucht, Deutsch. med. Wchnschr. 


47:887 (Aug. 4) 1921. 
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extract therapeutically, the specific dynamic action of protein again rose, 
Although Rolly believes that his experiments suggest lowered specific 
dynamic action as a factor in producing obesity, it is evident that patients 
with tuberculosis and exophthalmic goiter are not suitable as “normal 
controls” and his experimental results cannot be accepted as conclusive. 

In 1922 Plaut *’ published the results of an investigation of a large 
series of persons, normal and abnormal, on whom the specific dynamic 
action of a mixed meal was studied. This is the first published report 
on obesity of which we are aware, in which the investigator determined 
his own “normals.” Plaut used the Benedict portable apparatus with 
standard technic. After basal metabolism was determined, a meal com- 
posed of 200 gm. of chopped beef, 50 gm. fat, 200 gm. bread and 500 
c.c. coffee was given. In one hour the increase in oxygen consumption 
was again determined. 

In well nourished persons Plaut found an increase of from 24 to 30 
per cent. in the metabolism. Three stout, otherwise healthy persons 
showed the same increase. Forty-two abnormal persons were studied. 
Some of the author’s results are found in Table 1. 


TABLE 1.—Specific Dynamic Action of Mixed Meal 


Number of Cases Percentage Increase 


Normal persons.... seblbsicda up eland aie naie hada aah heat eaalaines 19 20 to 
Constitutional obesity................. saientniraintinasaad was 12 4 to 29 
a cred tech eheniaanuaniadhbwaeee ie Ww —3 to 18 
CE saic on nccsenescccoccsedipescuscess 3 68, 40, 48 respectively 





It will be seen that Plaut found a very definite lowering of the 
specific dynamic action of food in cases of obesity, and a very marked 
rise in the opposite type of persons, those with so-called “constitutional 
thinness.”” These experiments lasted only for one hour. 

The following year Plaut ** added twenty-six new cases to her first 
series with the same conclusions. 

Liebesny '* reported some excellent work on ten normal persons and 
sixty-one cases of obesity, complicated with endocrine disturbances. 
His test meal consisted of 200 gm. of roast veal and 100 gm. of bread. 
Basal metabolism was determined on each patient, and readings were 
taken one hour, one and a half hours, and sometimes two hours after 
the meal. He divided his cases into five groups on the basis of varia- 
tion in metabolism and variation in specific dynamic action of protein, 


10. Plaut, Rahel: Gaswechseluntersuchungen bei Fettsucht und Hypophysis- 
erkrankungen, Deutsch. Arch. f. klin. Med. 139:285 (May) 1922. 

11. Plaut, Rahel: Gaswechseluntersuchungen bei Fettsucht, II, Mettheilung, 
Deutsch. Arch. f. klin. Med. 142:266 (June) 1923. 

12. Liebesny, P.: Die Zpezifisch-dynamische Eiweisswirkung, Biochem. 
Ztschr. 144:308, 1924. 
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emphasizing particularly these conditions as affected by various types 
of endocrine disturbance. Liebesny reported the maximum rise in heat 
production as occurring at one and a half hours after the meal in most 
cases, and the percentage of increase as between 22.6 and 35.3 for 
normal persons. His conclusions for cases of obesity are found in 


Table 2. 


Taste 2.—Liebesny's Conclusions for 


Cases of Obesity 





Percentage Increase in 
Specific Dynamie 


Class Action * 
Normal basal with normal specific dynamic action..................... 24.9 to 36.3 
Diminished basal with normal specific dynamie action.................. 12.4 to 65.8 
Approximately norma] basal with diminished dynamic action........ —1.2 to 15.2 
Low basal with low specific dymamie action................6660s-ceeeee 1.7 to 11.7 
PIN co cccccceccocsqccnacesecectecectéscscssencesoceoncccedocccecses 6 cases varying widely 





* These figures, taken from his tables, do not agree exactly with those in the body of his 
paper, also shown in the foregoing. 

The reports of Plaut and Liebesny appeared after our initial report 
on the specific dynamic action of carbohydrates had been published and 
while our work on protein meals was in progress. On theoretical 
grounds we had hoped to find just such differences in the use of food 
by the obese as were reported by Plaut and Liebesny. 


METHODS 


A test meal was given in the morning immediately after the deter- 
mination of the basal metabolism. The carbohydrate meal consisted of 
from 80 to 106 gm. of sucrose in the form of lemonade or of fondant 
flavored with mint. All patients except one had 100 gm. or slightly 
more of sucrose. Tests were taken following this meal at intervals 
of thirty minutes for one hour and sixty minutes for the two following 
hours. The fat meal was taken in the form of slightly sweetened ice 
cream made from 40 per cent. cream, the amount of fat varying from 
55 to 129 gm. Tests were made at two-hour intervals for eight hours. 
The protein meal consisted of scraped beef, one or two glasses of milk, 
two slices of bread, and a small piece of butter, and contained from 
32 to 66 gm. of protein. Tests were made at two-hour intervals and 
continued for eight hours. The amount of fat eaten by each subject 
was determined separately, but for carbohydrate and protein the figures 
were calculated from the tables given by Rose."* 

Twenty-six tests were made on twelve obese subjects, using the 
Tissot gasometer apparatus. Of these twenty-six tests, eleven were 
made with the protein meal, eleven with the carbohydrate meal and four 
with the fat meal. These people varied in weight from 37 per cent. to 


13. Rose, M. S.: A Laboratory Handbook for Dietetics, Revised Edition, 1922. 
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140 per cent. above normal, :nd ranged in age from 12.5 to 34 years. 
Five otherwise normal underweight subjects, ranging in age from 21 to 
42 years, and in weight from 22 to 31 per cent. below normal served 
for six tests with the protein meal, three with the carbohydrate meal, 
and two with the fat meal. The five normal subjects varied in weight 
from + 3 to —7 per cent. from normal, and ranged in age from 
21 to 24 years. Here there were six tests with the protein meal, three 
with the carbohydrate meal, and three with the fat meal. 


COMMENT 
The basal metabolism was discussed in a previous paper.’ For con- 
venience in handling the material this paper will be divided into three 
sections: (1) protein meal, (2) carbohydrate meal, and (3) fat meal. 
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Chart 1—Average percentage increase of energy production after the inges- 
tion of food (high protein meal). 


1. PROTEIN MEAL 

Table 3 shows that the specific dynamic action of protein in obese 
people is very slight. In two cases there was no increase whatever 
above the basal, but a decreased heat production after the protein meal. 
In five of the remaining nine cases the highest value occurred two 
hours after the meal was taken, and in the rest four hours after inges- 
tion. The highest figure shown at any time was 15.7 per cent. above 
the basal, and occurred after four hours. In only three of the forty-two 
readings were there values more than 10 per cent. higher than the basal. 
We had no cases with normal specific dynamic action as reported by 
Liebesny.** At the end of six hours all values were on the decline, and 
at the end of the eight hour period most of them had come very near 
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the basal value. Individual differences were counterbalanced in the 
general average, which showed a value of only 3.1 per cent. above the 
basal at its highest point, two hours after the ingestion. At the end 
of the period the average value was within 1.3 per cent. of the basal. 
Thin people showed a very different specific dynamic action of pro- 
tein from that reported above. The least increase two hours after the 
meal was 10.2 per cent. and the maximum 28.9 per cent. over the basal. 
Four of the six cases gave the highest value four hours after the meal, 
and the greatest increase over the basal was 29.1 per cent. With the 
exception of one case the heat production was still above the basal at 
the end of eight hours. The average figures for the four two-hour 
periods following the meal were as follows: 20.2, 20.5, 12.5 and 9.4 

















Chart 2.—Average percentage increase of energy production after the inges- 
tion of food (high carbohydrate meal). 





per cent. above the basal. It is interesting to note that the highest 
specific dynamic action was shown by the subject who was most under- 
weight. 

Normal people (Table 3), on the whole, showed a reaction approxi- 
mately like that of thin people. Two hours after the meal the increase 
ranged from 11.9 to 20.1 per cent. above the basal, with an average of 
17.1 per cent. The corresponding figures for the four-hour period were 
from 6.1 to 23.5 per cent., with an average of 16.7 per cent. above the 
basal. After this period there was a steady decline until at the end of 
eight hours the average was still 5.1 per cent. above the basal. The 
changes described are shown graphically in Chart 1. 

There is apparently no relation between the amount of protein 
intake and the specific dynamic action in obese, thin or normal subjects. 
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The thin subject showing the greatest specific dynamic action, that is, 
29.1 per cent. above the basal at the end of four hours, received only 
58.2 gm. of protein, whereas another subject in the same group ate 
78.3 gm. of protein and had a maximum value of 17.2 per cent. 


2, CARBOHYDRATE MEAL 

The specific dynamic action of carbohydrate is not so marked in 
the three groups as that of protein (Table 4). With the exception of 
two cases, the greatest increase in heat production in obese people 
occurred one-half hour after the meal. The maximum increase was 
30.3 per cent. over the basal and the minimum 5.4 per cent.; the 
average increase in this period was 14 per cent. From this time the 
figures decreased steadily to the end of the three-hour period, when 
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Chart 3.—Average percentage increase of energy production after the inges- 
tion of food (high fat meal). 





half of the cases had returned to the basal value or lower. The average 
value at this time was only 0.4 per cent. higher than the basal. The 
three thin subjects showed the highest values at the end of two hours, 
and two remained high after three hours. The maximum. values ran 
from 13.5 to 25.5 per cent. above the basal, with an average of 17.8 
per cent. At the end of the period the highest was still 22.7 per cent. 
above the basal, but one case had dropped to 2.9 per cent. below. The 
normal subjects showed the greatest increase of heat production, with 
a curve similar in general outline to that of the obese people. The 
highest values, at the end of thirty minutes, ranged from 17.9 to 29.6 
per cent. above the basal, with an average of 25.2 per cent. At the end 
of the period the lowest attained were from 0.5 per cent. below to 
8.5 per cent. above the basal, with an average of 4.6 per cent. above. 
The obese person does not always react to the carbohydrate meal 
in a characteristic manner, but the average curves show a tendency 
toward lessened specific dynamic action of carbohydrate (Chart 2). 
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3. FAT MEAL 

With the ingestion of fat there was a slight increase in heat pro- 
juction in all cases (Table 5). This may have been due to the small 
unount of carbohydrate and protein contained in the food. The increase 
was slightly higher in thin people. In the obese subjects the maximum 
value occurred at the end of four hours, and in both normal and thin 
people there were two peaks, one at the end of two hours, and the 
other at the end of six hours. Only one normal subject showed but 
one peak, and that after two hours. The average maximum increase 
for obese people was 5.8 per cent. above the basal, for thin people 

10.5 per cent., and for normal subjects 6.8 per cent. (Chart 3). 


SUMMARY 

Twenty-six tests were made on twelve obese subjects, using protein, 
carbohydrate and fat meals ; eleven tests on five thin people, and twelve 
tests on five normal subjects. 

Protein showed a very slight specific dynamic action in obese people. 
Thin people, on the contrary, showed a very high specific dynamic 
action of protein. Normal subjects followed much the same course as 
the thin people, but to a less degree. 

Normal subjects had the most marked specific dynamic action of 
carbohydrate. Although obese persons did not react in a uniform 
manner to carbohydrate intake, the average for the group indicated a 
lessened specific dynamic action of carbohydrate. The reaction in the 
three groups did not show so great a degree of difference as occurred 
after the protein meal. 

There was very little, if any, evidence of specific dynamic action 
of tat. 





Book Review 


TEXTBOOK OF PHARMACOLOGY AND THERAPEUTICS, OR THE 
ACTION OF DRUGS IN HEALTH AND DISEASE. By Arruur R. 
Cusuny, Professor of Pharmacology and Materia Medica, University of 
Edinburgh. Ed. 8, thoroughly revised. Philadelphia, Lea and Febiger. 
Price, $6.00. 


A new revised edition of this standard textbook will be appreciated by those 
interested in the progress of materia medica. As evidence of the progress of 
therapeutics, the author states that the space allotted to remedies for specific 
diseases is five times as great as in the 1903 edition. 

The chapter on digitalis and cinchona bases has been brought up to date. 
A new chapter on histamin action and the relation of symptoms produced by 
it to anaphylaxis and a chapter on insulin and vitamins have been added. 

As in previous editions, the chapter on digitalis is very complete, both in 
the physiologic action of the drug, its clinical use and evidence of intoxication. 
Vitamins are discussed in a lucid and concise manner. The presence of vitamin 
in cod liver oil explains its usefulness in malnutrition and rickets. 

A paragraph is devoted to quinidin in auricular fibrillation and the manner 
of action compared with that of digitalis. 

In the chapters on organotherapy, the suprarenal, pituitary, pancreas and 
thyroid extracts are discussed in detail. With true Scotch caution, which 
appeals to all those interested in the progress of therapeutics, he dismisses the 
remainder of organotherapy with the following sentence: “The theory on which 
many of these have been involved shows little advance on the belief of the 
savage that the courage of the lion may be acquired by eating the animal’s 
heart, and the clinical observations which have been cited to support their 
use have usually been of an equally primitive order.” 

In spite of the additions made to certain chapters there is no increase in 
the size of the volume, as the descriptions of less reliable drugs have been 
curtailed. The author states that a textbook of this character must point out 
the worthlessness of certain preparations, in addition to describing the virtues 
of established remedies. 

As a teacher he confines his discussion to relatively few important drugs, 
rather than confuse the student with the supposed value of a large number 
of practically worthless agents. This same sane method is adopted in his 
textbook, and this accounts in a large measure for its being accepted as a 
standard work, suitablé for students’ or practitioners’ use. 





